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MEMORANDUM OF t NDERSTAIIDING ( MoLI)

This Mernorandum of Understanding is made on the 3lsday of March 2016 and it is
valid up to 30th March 2026 (10 Years)

BETWEEN

Luminescence Laboratory, Department of Physics, Rashtrasant Tukadoji
Maharaj,Nagpur University Nagpur (First Party)

A}tD

Principal &Department of Chemistry, Sevadal Mahila Mahavidyalayq
Sakkardara Square, Umrer Road, Nagpur (Second Party)

BACKGROT]ND

Each of the Party owns and operates facilities for the provision of

1. Leboratories use

2. Students exchange for Research.

3. Use and Exchange of Research activities,

4. Collaborative Research Publicetion.

5. Patent Publications.

The Party currently have an arrangement with each other with respect to the
training, borrowing, and Awareness of Knowledge material that each Mernber
Council works together with resource sharing Knowledge sharing and
maintenance of a shared resources.

Each of the Party agrees that the MOU shall be collectively known as ..To
Exchange of Research activities and Collaborative Research publicationsrr.

C

D

E.

F

The Party desire to formalise thet agreement and understanding in relation to
the Network and have agreed to enter into this Mernorandum of Understanding
in this regard. However, the Party agree that this Memorandum shall not create
any legal obligations and whilst recognising that there are no enforceable
obligations between them the Party agree to perform their obligations pursuant
to this Mernorandum in good faith and to the best oftheir abilities.

The Party agree that each of them shall have the following obligations in respect
of *ToDemonstrate and Hands-on training of Laboratory equipmentr'.

Second Party(Administer)
On behalf of the Other Member Councils, the Secorl*party agrees
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AI\ID THE PARTIES AGREE:

1.1 Interpretation
l.1.1 The Background set out above forms part of this Memorandum

and the Party agree that the Background is true and accwate.
1.1.2 Unless the contrary intention appears:

1.1.2.1 Words noting the singular shall include the plural and
vice versa.

1.1.2.2 Reference to any gender shall include every other
gender and words denoting individuals shall include
corporations and vice versa.

1.1.2.3 Reference to any Act of Parliament, statute or
regulation shall include any amendment currently
enforce at the relevant time and any Act of
Parliament, statute or regulation enacted or passed in
substitution therefore.

1.1.2.4 Headings are for convenience of reference only and
do not affect the interpretation or construction of this
Merrorandum.

1.1.2.5 A requirernent in this Memorandum for liaison and
consultation is a requirement for full and frank
discussion and includes a requirernent where
necessary and appropriate, for full disclosure of
relevant information and material.

Term
2.1 The term of this Memorandum shall be of ten (10) years commencing on

31110312016 and expiring on the 30/03/2026, unless otherwise agreed or
extended by the Party in writing.

2.2 The term shall be reviewed by the Party not more than twelve (12)
months and not less than six (6) months prior to the expiration of the
term subject to the term being reviewed prior to this period.

Negotiate In Good Faith
The Party agree that they will cooperate with each other and at all times act in
good faith and with the joint objective of successflrlly and expeditiously
concluding and carrying out all of the arrangernents and agreements
contemplated in this Memorandum.

The Party Obligations
4.1.1 Administration

4.1 . 1 .l to administer the work in accordance with this
Mernorandum and the Operating Guidelines; and

4.1.1 .2 to be accountable to the Other party in a manner
determined for the administration of the MOU and
the facilitation of the MOU;

Finances
4.1.2.1 Network Costs and the Administration Cost is

mandatory to administer (Second Party)
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4.1.2.2

4.1.2.3

to prepare with the assistance from the Other Mernber
Councils, in accordance with this Memorandum, the
budgets for the Network; and
to meet all auditing requirernorts for all monies
received and paid for in relation to the Network;

5

4.2

4.1.3 Membership of the Committee
4.1.3.1 the Chief Executive Omcer or delegated officer is a

Principal and the nominee to the Committee is a
Concern Department Head;

4.1.3.2 to appoint a representative (Should be a Faculty of
Concern Departrnent) from each party;

All Member Councils
The Party agree:
4.2.1 Reporting

To consider reports and recommendations from its respective
representatives on the Committee in relation to the
administration of the MOU.

4.2.2 The Committee shall at its first meeting (and annually
thereafter) appoint amongst the representatives a Chairperson
who shall hold offrce for a term of one (l) year but is eligible
for reappointment for a further term, unless he/she resigns in
which case the Committee shall appoint a new Chairperson to
chair the meetings.

4.2.3 ln the event that the appointed Chairperson is absent from a
Committee meeting the representatives present shall appoint an
acting Chairperson, who shall preside over that meeting or until
the Chairperson is presenl

Operational Guidelines
5.1 Upon execution of this Mernorandum, the Chief Executive Officer or

delegate of each of the Party shall prepare and implement Operational
Guidelines which the Chief Executive Officers or delegates shall be
capable of amending from time to time as the Chief Executive Officers
or delegates see fit.

5.2 Notwithstanding the provisions of this Memorandum, the Party agree
that the Operational Guidelines shall be the operative document that
facilitates the operational managernent of the MOU.

5.3 The Party shall delegate to their respective Chief Executive Officers
such powers as are required and necessary to prepare and amend the
Operational Guidelines and to manage the network in accordance with
the Operational Guidelines.

5.4 The Parties agree to negotiate and cooperate with each other at all times
and to act in good faith in the operation of the Operational Guidelines
and to comply with its terms.

The Parties agree that the terms and conditions of this Mernorandum may be
varied upon written agreement of the proposed variation by all the Member
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Liability
6.1 The Secolil Party shall indemnify and keep indemnified the other Party

against all actions, costs, claims, damages, charges in respect of injury,
loss or damage resulting from any negligent act or omission ofThe First
Party Council;

Acknowledgement
The Party acknowledge and agree that each of the Party may in its own right
engage the other Mernber Council staff for their services; however any agreed
costs incuned by the Council in doing so shall be bome solely by the respective
Party.

EXECUTED as a Mernorandum of Understanding

THE SEAL of TEE First Party COT NCIL
was hereunto aflixed in accordance with its
Constitution and by the authority of its
directors:

Name:Dr.SenjayJ,Dhoblg
Professorf,uminescence
Lrboratorypepsrtnent of PhFics, RT.M.
Nagpur Unlversity, Nagpur

Sign & Seal

pr ., , Dhoble
,ressor

Dep.:lflrent of Physics
RTM Nagpur University

NagPgLP

THE SEAL of the Second
PaTtyCOUNCIL was hereunto affixed in
accordance with its Constitution and by
the authority of its directors:

Narne: Prof.Pravln Charde
Principal

Sign & Seal

PrirEitral
Sevadal Mahila MahavidYalaYa

llmrcr Road Naoour-9

NI.GPUR

l\4
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{Jsr
Name:Or.1Mrs ;lV. S.Dhoble

Professor ,Deparme of Chemisry N$$$g ilr (i''tr': )

Froiess,-r'. (

**************

Pn ncr pa
Sevadal ttlahila ldahavidyalayt

Umrer Road, NagPUr.9.
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Photo and thermoluminescence in K2Mg(SOa)z: Dy phosphor
and evaluation of trapping parameters

fuchana Deshpandea, N.S. Dhobleo, S.C. Gedam.'*, SJ. Dhoblea
'Departmefi ol Pltyslcs RXi/t Nqgpur Unive5ity, N(fjr/ut 44@3j, India
b Drlporte,nentof Chemisnt, Sevadal Mohito Malnvidyiiayo, Nagur tlrtf/ftlZ, India
' DepartmentoJ Physics, K Z 5. Science College, tklmeshwar, Nagpur 44lS0l, lndia

0 CrossMa*

ARTICLE INFO ABSTRACT

lrticle fiistory:
Receiwd U March 2015
REceived in rwised brm
29 July 2015
Accepted 1 August 2016

The prepared phosphor K2Mg(SOa)2:Dy is qmthesized by solid state difrrsion (SSD) method. The sample
was studied for its photoluminescence (PL) and thermotuminescence (TL) ctraricteristics. In the emission
spectn of K2Mg(So4)2:Dy o(cited by 350nrn LJV light, the emission line at 576nm({Fep-6H131r) and
487 nm-(4Fep-6H15;2)from the D5f +ions coexist with the wide emission band frorn the K2Mg(S9,.)zhost.
The otcitation spectra of the emission at 576 nm consist mainly of the strong o(ciution UanA oi Oe xzfvrg
(SOrhhost at 350 nm.TL characteristics show excellent results by the sanre SSD rnethod. fne sarnptei
w-ere irradiated by 1-radiation for s-30 Gy from @Co source at the dose rate of 0322 tCy h-r. nre n
gJow curve shows the simpte structure having the peak temperature nearly at 185 "c The aingle peak is
due to the possibility of formation of only one kind of trapping site due io y-irradiation. The effect of
concentrations of Dy and 1-radiation doses does not change the general sEucture of the TL glow curve
but the intensity is found to be increased as per tre higher concentmtions and dose. The trapping
parameters are also evaluated by Chen's method. The values oftrap depth (E) and frequency factor (s)
were found to be 0.77 + 0.002 eV and 3.5 x 108 s- r respective\r. The study oi p! TL and evaluation of
trapping parameters has been done and discussed for first time,

o 2016 Elsevier B.V. Atl rights reserved.

Available online 4 2016

lGlmords:
Luminescence
Phosphor
Trepping parameter

7-radiation
xnD
Rare earth

Sulfates are used as a promising materiat for the photo_
luminescence (PL) and thermoluminescence (TL) phosphors due to
cheir noticeable characteristics [1]. Keeping this in mind, a choice
of Dy doped KzMg(SO4t were carefully considered after many
trials for the purpose of obtaining a good pL and TL of such sys_
tems to be used for luminescence applications. tn recent years
Moharil and co-workers have reported severat phosphors on rare
earth (RE) ions doped mixed sulfate [2-g]. Also some work has
been done by Sahare and et al. in some mixed sulfates [9-15t.
Moreover sulfates are known to be good candidate as luminescent
material due to the fact that they possess well desired character_
istics like high-temperature glow pea( Iinear response with
ionizing radiation exposure, low fading and an easy method of
preparation [161. Recently, site selective luminescence of Eu3+
ions in K2Mg(SOa)2:6H2O crystal has been studied by Marzougui
et al. [7].

The main goal of measuring and analyzing TL glow curves is the
extraction of several parameters that can be used to describe the

t. Introduction

t Corresponding author.
E-mail oddress: gedarn_sc@r.ediffnrail.com (S.C Gedam).

htrp:/ldx.doi.org/10.1016/j jlumin.20 t6.08.003
0022-2313/0 2015 Elsevier B.V. All rights reserved.

TL process in the material . The dosimetric characteristic of any TL
phosphor mainly depends on is trapping parameters which
describe the defect canters responsible for the TL emission, hence
it was tried to calculate in K2Mg(SOa)2: Dy material. The positions,
shapes and intensities ofthe glow peaks are related to the various
parameters of the trapping states psponsible for the TL The
trapping centers responsible for the thermoluminescence (T[)
were quantitatively described by the various kinetic parameters
such as activation energy, frequency factor and order of kinetics in
K2Mg(SOa)2: D1r. Various experimental techniques such as curve
fitting methods, Chen's half width methods, heating rate methods,
isothermal decay analysis methods, etc. have been developed to
determine these parameters from TL glow curves. Here we have
used Chen's hatf ,width method for the calculations. The aim of
present study is_to study of its pL and TL characteristics for dif_
ferent dose rate{and calculation of kinetic parameters.

/,liitffrltmPles' 
the rare earth

2. Experimental

The present phosphor
synthesized by solid state

K2Mg(SOa)2 doped with Dy has been
method. For the preparation of

has been taken
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Luminescence characterization of Dy and Eu doped Na6Mg
(SOd+ phosphors

Bhushan P' Korel'3* I shilpa A Pardhil I N. s. Dhobre2 | s. J. Dhobtel r H. c. swart3

wrrey LUMlNESCElt,t i:
Th. Joumrl of Blologlol.nd Ch.nlol Lumln6.€r/deRESEARCH ARTICTE

I Departnent of physics, RTM Nagpur
Universlty, Nagpur, lndla
2 Department of Chemisby, Sevadal Mahlta
Mahavldyalaya, Nagpur, India
3 Department of physlcs, University of the Free
State, Bloemfontein, The Free State, South
Aftica

Correspondence

Bhushan P. Kore, Department of physics, RTM
Nagpur University, Nagpur -440O33, lndia.
Emait bhushan.kore0S4@gnrail.com

1 I INTRODUCTION
Among the relative dosimetry techniques, thermoluminescence

dosimetry (ILD) has gained widespread use because of its simplicity,ln an imperfect insulator various defects are present that cause local- excellent spatial resolution and the ability to integrate the absorbedized states in forbidden band gaps. Thermoluminescence [tU is usually dose over extended periods of time. TL is a very popular and simpleobserved in insulating crystals that have been previously exposed to technique used for dosimetry of ionizing radiation. The intensity ofionizing ndiation when they are heated above room
lrradiating the material using ionizing radiation creates electron_hole

temperafure. light emitted by a phosphor is proportional to the irradiation doses

pat rs inside the host material. These free moving electrons and/or
given to it and, by catibration with known doses of highenergy radia-

holes get trapped at localized states, the localized levels may be defect
tion, unknown doses could also be estimated when several other
parameters such as energy dependencg fading, post-inadiation effectcenkes or vacancies.tll The trapped charges (either electrons or holes) etc. are taken into consideration. The main application of these TLDs isare inefficient in their ability to liberate the elechons out of the trap at in personnet dosimetry and sfudies of photon and electron beam doseroom temperafure. When inadiated material is heated to sufficiendy diskibution in phantoms. Seldom TLDs used in direct surface orhigher temperafures, the trapped charges are liberated out of the trap intracavitary dose measurement in the patientt3-Zat a particular temperature ahd recombine with their counterpart

particles.t2l The recombination results in emission of light, the so_called
Rare earth (RE)-doped crystalline solids are known to be interest-

'thermoluminescence, Trapping of charge carriers and light emission is

ing TL materials that can be used for radiation dosimetry. particularly

directly proportional to the iradiation dose given to the sample. The
T, and Dy doped h CaSOa show a high
of radiation frequencies ranging from y-rays to ultraviolet (UV) radia-

sensitivity over a wide range
greater the dose the more will be the trapping, which leads to increase 6on.t8-121 since, the development of CaSOa doped with different rarein recombination probability and hence the emission of large numbers earths as described by Yamashita et al., this approach has taken a
of photons. This property of the material is useful in dose determina_ slgnificant lead in personal and environmental radiation monitoringtion of ionizing radiation within the region, where the response related
to the dose given to material and photons generated is linear.r1,zl

using TL dosimetry and with these materials as sensing elements.t13l
CaSOa:Dy [ILD-9OO) is one of the high sensitive sulphate-based TLDAbbreviatlons: AR, analytical reagent; CGCD, Computerized Glow Curve Deconvolution; GCD, Glow Curvedosimetry; XRD, X-ray powder diffnction.
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Novel RGB emission of Tb3* ion in LizBaPzOt phosphor for @near-Uv LEDS

J.A. Wania, N.S. Dhobleb, SJ. Dhoble',*

' Department oI Physr'cr, RLM. Nqpur Unive6ity, Nagpur,40033, lndia
b Department oJ Alrlmistry, Seltailal Mahila Mahavidhyalayq NWur, t140009, lnilia

Crosslvlad<

ARTICTE INFO ABSTRACT

A red emitting Li2BaP2O7:TtF phosphor prepared through solid state reaction method is
first time reported in this workThe main point of this work is thatTb3* shows intense red
line in addition to blue and green lines in Li2BaP2O7 upon UV excitation. Red line (602 nm)
dominates the spectrum upon 372nm excitation. However, the green line dominates the
spectrumupon230nmexcitation.The resultsarequiteinterestingfromluminescence point
ofview.Therefore, we sttsgest a new red, green and blue emittingLi2BaP2OT:Tb3* phosphor
for pc-[EDs to generate white light

@ 2016 Elsevier GmbH. All rights reserved.

Article history:
Received 29June 2016
Accepted 30 September 2016

KeyYords:
LizBaPzOr:Tts'
Red emission
Phosphor
lamp phosphor

l. lntroduction

lnterest has been growing for the last few decades in the development of (ln, Ga)N-based light-emitting diode (LED)
technology, mainly aimed at advancing solid-state white lighting sources. There are several methods to obtain the white
light from LEDs. To acquire white light from LEDs, the methodolory requires coupling together several LED chips of discrete
colors, using quantum dots (QP) to down-convert higher energy light or making use of phosphors to down-convert near-
UV and blue lighl The strategy entailing phosphors is considered more promising due to long lifetimes, colour stability,
high efficiency, mercury-free, physical lustiness and environmental friendly. Therefore, white light-emitting diodes (w-
LEDs) are now looked on as the fourth generation of solid-state lighting devices. Presently, the most accepted approach to
acquire white light LED is to assemble a blue diode together with yellow YAG:Ce phosphor but due to problem of thermal
quenching and poor colour rendition. an alternative approach, combining a W chip with red, green and blue phosphors
has been suggested and found to be fruitful to overcome the above two problems [1- l. As host materials, phosphates have
proven their place in phosphor industry by virtue of their wide band gap, excellent thermal and chemical stability [5-11L
Another good quality ofphosphates is that they can be easily prepared at moderate temperatures though in rare cases very
high temperatures are required [5-111. Recently, several new phosphates like LiSrPO4:Eu2+.163* [12], KYPzOz:RE3*(RE-Sm,
Tb, Dy) [13], IGaPOa:Ln (Ln=Eu, Tb, Sm) [14], CaleZn2(POa)rn:Eu3+ [15], KIr,ILn(POa)2:R.E (M=Cs,Sr; Ln=Y,La,Lu;RE3+ =Ce,
Eu,Tb) [16land MMgPzOz:Eu:+ (M= Ca, Ba, Sr) [l7l have been reported.The spe$roscopic properties of these phosphors are
quite promising. The spectral features also indicate that these phosphors coul-d be effectively excited in the NW-region to
generate white light. Given these interesting spectral properties of rare earth ,ctivated phosphates, we were encouraged to
study another rare earth doped phosphate for the purpose of luminescence. There are just six reports about luminescence
property of Li2BaP2O7 phosphor [18-23].ln this work we observe that Li2BaP2O7:Tb3* phosphor shows intense red emission

' Correspondingauthor.
E-moil oddress: sjdhoble@rediffinail.com (SJ. Dhoble).
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Photoluminescence, thermoluminescence and evaluation of some o CtossMark

parameters of Dt'+ acdvated Srs(PO4)3F phosphor synthesized by
sol-gel method

Karan Kumar Gupta a, RM. Kadam b, N.S. Dhoble ', S.P. Lochab d, Vijay Singh e'',
SJ. Dhoble a"'

' Depatuir7It ol Physi(s, RIM Nd&rur lrnlv€Riry, No&rur 140033, lndlo
i XddriocrlcmlsEy Divirio4 aho6lE ltoDk R.r.dnh C.nn ,Ttonba! 1fnf/85, tndi0

'Drpdrtmlnr o,Or.mbtry, Sc.lodol Mdh a Mohavldyalayo,Ng8rur 44N@,lndio
d lntlr t rlv.rrlry/l6..laEtor Ccnet, k1ux/lu ,/(iof A)i Mary, New Dethl,fiOe?, hdio
' De@fincfi oI onemktl Endlnzcrfitg, I<o,tutk UniycEity, S.oul l437ql, Sourh lkrco

ARTICLE IN FO ABSTRACT

/lrdcL , sotj,."
Rlc.ivd 19 &ril 2016
nrtdwd in rwiJad lorrn
8 July 2016
A(tcpt d lzjuly 2016
Av.ilablc onlinc 17 luly 20tG

Lr thii study, we have syrthesized Dt'+ activared SrdPO.hF (S-F p) pbosphors hr sol-gel slmrhesis
met od. The synthesized phosphors were characterized by X-rry ditrractioD pattem (r(RD), scanning
eLctroIl micmscopic (SEM] photoluminescence (PL).nd thermoluminesence (TL) for structurel,
Erorphological aDd luminesc€nt p[op€rties, Dtp+ .ctivated Sr5(tD4)3F phosDhor shows its .haEcteristic
Pl,emission at 48t nm and 574 nm due to tgp - 6HrsZ and aFe/z - 6Hryr transitions, retFctively. TL
ch.r.cteristics of Dyl+ doped srr(PoahF phosphors were uken ifter irrajietlon by oCo gamma opo-
sur!. T\iyo s.p-.rate TL peeks .t 126 .C and 279 .C rcI! observed h case of Dtl+ doped phosphor.
SrdPO.hF:Dld+ phosphor wes irradiated within e wide rangE of o(posure of 50 Cy to 7 kcy do5es.
Unearity was found up to 2 kcy and thereafter TL ftsponre sahlrates. Fading study wa5 also c.rried out
ov.r the duetion of slx week for Srs(Poi)3F phosphor. Trapping paremet€rs were calculated using
Chen's peak shape method, initial ris. method and various heating rate mrthod. clow curve is dccon-
voluted using computerized glow orrve deconvolution program. TL sensitivity of Sr:(pOr)tF:Df+
phosphor is fouod to be less by a factor of 2.08 tluo commerciilly uled CaSO{:Dy phophor. ln order to
identify the defect centers formed uporl 1-ray irradiation in Sr5(pOa)]F:D]i+ phosphor. E?R measure-
ments were car ed our on un-irradiated and lEadiated phosphors.

o 2016 Elsevier B.V. All rights rcs.rved.
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1. lntroducdon

l.uminescence is the phenomenon of emission of cold light at
normal mom temperatur€. It is well known that there are several
tlpes of luminescence, each'named for the source of energy that
causes it Thermoluminescence (TL) is one of them, which is mainly
found to be occurring in insulator type ofsubstances. As it appeared
from its name thermoluminescence that the main source of energy
in this process is heat, to trigger luminescence phenomena, fu we
know thatTl is not related to black body radiation since here heat is

used as a stimulating agent for those electrons and holes (trapped
between fodidden emrgy gap) which recombine with each other
after gening energy through heal Thus to occur TL process it is
necessary to introduce electmn and hole pairs at defect celters
through irradiation (ionizing or nonionizing radiarion) of the ma-
terial [ 

'l 
l. Therefpre, TL phenomenon of any substalce i5 dependent

on the amount of radiation absorbed (also called as dose). This
technique ls widely used nowadatE to measure absorbed amount of
dose in radiation protection areas as aTL dosimery (TLD) [2-4]. It
is to be noted that many investigators haye investigated a number
ofTLD materials which are commercially available CaSO{:Dy, LiFi
Cu,Mg,fl CaF2, a-Al2O3 etc in personal clinical and environrnental
dosimetry [5-81. These mentioned TtD materials are widely used
due to their higher sensitivity, thermal stability, less fading and
reusability; howevet a very less number of TLD materials are
available nowadays for use in different 6eld of radiation alfected

. Corrasponding author.
.. CorrEspondi[g author

E-moil oddresses: vrryjiin20066ry.1hoo.com (V. Singh), sjdhoble@reditrm.ral..ol1r
(SJ. Dhoble).
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HIGHLIGHTS

o BaMgFa:Ce, Tb phosptrors was pre-
pared by simple precipitation
method.

oThe Ce codoped BaMgF.:Tb3+ phos-
phor show strong PL emission in the
green region.

. The emcient green emission is due to
the resonance energy tiansfer from
cd*torb3*.

rThe BaMgFa:Ce, Tb host has good

thermal stability along with good
quantum efficienqr.

ARTICLE INFO

Artide hbtory:
Received 21 September 2015
Received in revised form
17 November 2016
Accepted 9 December 2016

'[ Availabte ontine lO December 2015

Keyvvords:

Phosphors
Fluoride
Enerry transfer
Photoluminescence decay
Thermal quenching
tntemal quantum efficiency (lQE)

GRAPHICAL ABSTRACT

IIV ercftation

ABSTRACT

A low temperature precipitation method was employed for the synthesis of green emifing orthorhombic
BaMgF4:Ce3+.Tb3+ phosphors. We investigated the structural, photoluminescence (PL) and energy
transfer properties of the BaMgF4:Ce3+;Ib3+ phosphor. The PL emission spectrum of BaMgFa:Ce+ shows
two unresolved peaks at 315 nm and 336 nnl assigned to the lowest 5d level to the two J-multiples of
the 4fi configuration of Ce3+. Characteristic emission ofTb!+ was observed at 546 nmwhich conres in the
green region of the visible spectrum. The Ce co-doped BaMgF4:Tb3+ phosphor show strong PL emission
in the green region, which is due to the resonance energy transfer hom Cd+ to Ib3+. Further, we have
calculated the energl transfer parameters and discussed the energ, transfer mechanisrn in detail. The
thermal stability and quantum yield of the prcpared phosphor was also studied. The obtained resuls
reveal that BaMgF4:Ce3+,Tb3+ phosphor can be considered as a potential green emining phosphor for
optoelectronic applications.

@ 2016 Elsevier B.V. All rights reserved.

l. Introduction

Rare earth (RE) ions doped phosphors have been extensively
studied for several decades mainly due to their potential

. Corresponding author. Departrnent of Physics, University of the Free State. P.O.

Box 339, Bloemfontein,9300, South Africa.
E-mail aildress: bhushan.kore08"1@gmail.com (8.P. Kore).

applications f,, Ugt ting [1*31. In most of the RE ions the lumines-
cence originates from 4f states and that can cover entire visible
spectrum. The bright emission from RE ions is useful in various
applications such as fluorescent lamps, plasma display panels,
LEDs, bulk lasers, solar concentrators [4,5] etc. Looking at the
importance ofenergy saving phosphors, rare earth doped/codoped
phosphors are the extensive topic o[ research owing to their future
application in field emission displays fluorescent lamps

Piin"'pa
MahavidYalaYa
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Abstract To understand the mechanism of excitation
and the corresponding emission of prepared phosphor for
solid state lighting here we discuss here the lumines-
cence properties of Tb3+ and Eu3+ doped SrMg2Al16O27

phosphor for solid state lighting. In this work Tb3+ and

Eu3+ ion is used as a dopant, and in case of Tb3+ the

excitation and emission spectra indicate that this phos-
phor can be effectively excited by 353 nm, to exhibit
bright green emission cantered at 545 nm corresponding

to the f * f transition of Tb3+ ions while in case of
Eu3+ phosphor can be efficiently excited by 396 and

observed the emission at 597 nm and 614 nm in addition
with analysis of chromaticity coordinates. All the char-

acteristics indicated that SrMg2Al16O27:Tb3+ and Eu3+

is a good candidate for solid state lighting industry
applications.
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1 Introduction

Owing !o their exceptional optical properties, such as

higher luminous effectiveness, energ:f consumption prop
erties, extended life time and mercury Aee excitation, white
light-emitting diodes are considered to be next generation

of solid-state lighting sources. There are various approa-

ches are being available to produce white light with the

help of blue/tlear ulua-violet light emitting diodes
(NtMEDs) U, 21. In 1997, Nakamura reportecl the pro
duction of white LEDs by the arrangement of basic primary

color (i.e. green, blue and a red) LEDs I3l. Now a day's
intercst in research and investigation of suitable phosphor

for the generation of I F.D's based solid-state lighting is
extremely increases. It offer the advantages of superior

intensity, energy saving and extended Iife time compare to
fluorescent lamps and conventional light bulbs [4, 5].

Because of a great variety of compounds and due to
improve the white emission quality in W-LEDs along with
expansion of ttreir alignment pf W LEDs with RGB
phosphors analyzed [6]. The tb3+ luminescence in a new

aluminates host material MgSrAll2Ol7 was reported by
Panse et al. E] and has prospective outstanding applica-

tions for white LED phosphors near-IJV chip. Terbium and

europium ions can be stabilized with host material in the

trivalent oxidation state. The inclusion and stabilized

condition of'Tb ions in the prepared material was con-

firmed by inyestigation of luminescence mechanism. ln our

work, Tb3+'and Eu3+ doped SrMg2Als6O27 phosphor was

prepared by using combustion synthesis methods and then

the prepared phosphor material was frrrther characterized

by X-ray diffraction Q(RD), scanning electron microscopy

(SEM) and photoluminescence (PL) techniques. Therefore,

Tb3+ and Eu3+ doped SrMg2Al16O27 phosphor is the out-

standing microcrystalline phosphors for solid state lighting.u a_Dt ,/
l)a
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A comparative investigation of Ce3+/Dt'+ and Eu2+ doped LiAlO2
phosphors for high dose radiation dosimetry: Explanation of defect
recombination mechanism using PI-, TL and EPR study
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This study deldibes a comparative inalysis of y-r4r irradiated thermoluminescence properties of
Ce3+/ql+ and Eu:+ doped tjAlo2 phosphor. LtAlOz: Ce3*prf*pu:* phosphors wer€ synthesized by
solution combultion metiod, The a5 slmthesized phosphoG wera characteriz.d by X-ray di(haction
(XRD) and Scenning electron miqoscoBr (SEM) for ltructural ard morpholodcal study. ni.tveld Re.
finement of XRD patte.ns werc exedted by using Fullprof suit softw.re pmgralll Thermoluninescencc
chaiacEristi6 of these phosphors show a linear dos€ rcsponse for a wide range of gamJna radiation,
.specially Eu2+ dop€d li^lo, phosphor. The prescnc. of lar8e lumber of lithir.lm vacenci.s ln LiAlO2
phosphor wai supposed to be responsible lor TL charactedstics ElecEon paramagnetic .eronance (EpR)
study-ofun-doped and Ce3+/Djp + 

/Eu'? 
r doped LiAlOr phosphor wal cafiied out toconfirm the presenc.

of Ed+ irrlr ind cation, anion vecancies in the host lattice. Th. ,rsporElble deh.t recombination me-
chanlsm for obseryed TL pe.k in UAIO2 was developed on the basis ofTL and EpR study of lrradiated and
un-inadiated semples. TL kinetics wes studied through tlow c1rrve dcconvolution, Chen,s pcak shape
method and initial rise method. A good rnatch ofkinetic parameters was observ€d b€twcen Cheo.s peak
sh.p€ method and IR method. The present phosphors may find applic.tion ln the dosimctry ofhigh dos.
ionizing rediation' 

o 2ou Ersevier B.v. Art rghts reserved.

tcyl€rdsi
lithium dumioitc
I- lrr.diadm
Dosindry
EPR

1. lnkodudion

The knowledge of ndiation etrect on physical chemical and bio.
logical properties of lMng and non-living things lead to the devel-
oprnent of radiation technologies ll2l. These radiation technologies
can be dMded in two groups i) dealing with low doses of radiatiorl
such as radiothenpy and ii) dealing with high doses of ndiation such
as radiation pmcessin& The high dose radiation Echnologies include
material modificatiorl steiilization of medical products, and pre-
servation of agdqilturc product l1l. All these above mentioned
edurologies use gamrna emitters like @Co, rG or high energr
charge acelerator like electron accelerator prwiding ndiation oc-
posure doses in the range of several kilo grays Jl-31. Ionizing radia-
tions need pmper measurement ofdose for the better effectiveness of
radiation processing The quality of radiadon work also depends on
tfie cored measurement of the absorbed dose in the dose interval

' CorrespondinS author
E-mail address: sjdhoblr@redirlnail.(o'r (sJ. Dhoble).

suggested by ladiation e\perts. Thus, need of radiation dosimetry
plrys a vital rcle in radiation processing when conducted cording to
the necessity, dfectioris and rhe prbcess optimization [41.'Ihe need of
high dose measurement is also required at nudear power stations
and in the plant ofliquid sludge hlgienization l2l.Ihe enormous use
of radiation in ditrerent areas motirrates research€G to develop a
suitable dosimetDr s!6tem according to the arta of interesL A number
of luminescence based detectors Cn-Ds) he\re akeady been developed
for tfie quality contrcl in radiation proc€ss and a large number of
novel dosimetric materials ar€ still being investigated [5-71.

The development of lithium aluminate (LiAlOz) as a radiation
detection mlterial has been increased since last one decade [8-10].
The optically stimulated luminescence (OSL) and thermo-
luminescence (TL) properties ofthis material make it significant in
radiation dose measurements [8-121- The enriched content of 6Li

isotopes having a larger capture cross-section for thermal neutron
makes it useful in neutron detection as a neutron scintillator ['12].
The LiAlO2 material is also used as a tritium breedi[g material irl
fusion reactor and lattice matching substrate for gro,,ving nonpolar
CaN or Zno layers Il3,l4l. The compou LiAlo2 is found to be
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curve are

method.

1 I !NTRODUCTION

Europium ion, as one of the promising species that provide optical

emission in the blue (Eu2*) and red colour (Eu31 regions, has been

doped into various compounds. The kivalent Eu ion has provided

optical devices in red colouJ regions and many investigations have

been conducted using various compounds.t{ Eu3* emission is very

useful for studying the nature of metal coordination in various systems

due to its non-degenerate emitting sDo state.

To understand the characteristics of thermoluminescence FU
materials, it is necessary to analyse their glow curves and evaluate their

kinetic parameters. Glow curve analysis is useful for dosimetric sfudies,

such as studying TL dose-response for each glow peak and determining

the lifetime of trapped electrons in the phosphor.l'l The positions,

WIIEY LUMINESCUIUCE
Th! Jouml otBlologl(ol snd Ch!ml(al Lmlnascen(e

calculated

were

were close

shapes and intensities of the glow peaks are related to various

parameters of the trapping states responsible for TL The trapping-

emitting centres responsible for TL emission were described quantita-

tively by various kinetic parameters such as activation energrf,

frequency factor and order of kinetics. Various experimental tech-

niques such as curye fitting methods, Chen's half-width methods, the
whole glow peak method, heating rate rnethods, isothermal decay

analysis methods, etc,, have been developed to determine these

parameters frorl TL glow curves.t3'al The present paper discusses

photoluminescence (PL), and TL characterization and the study of

kinetic parameters by two different methods of Eu-doped KzMg(SO+)2.

The initial rise method of analysis was first suggested by Garlick and

Gibson.tsl tn applying the initial rise method, a graph of ln(l) versus

1/kT was Inade, and a straight line was obtained. From the slope -E

of the line, the activation energy E was evaluated without any knowl-

Abbrevlations: ClE, Commission lntemationalde l' Eclairage: LED,

diodel TLD, thermoluminescent dosimeter: XRD, X-ray diffraction.

of the frequency factor s. Another method often used is Chen's

method, also known as the shape of

Sevadal ltlairiir iliah
[lr r.:tJ. ii r
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1 I INTRODUCTION

ln recent years, phosphate compounds have come on the scene as an
important family of luminescent materials because of their low prepa-
ration temperature, high brightness, wide band gap, strong absorption
in the UV region, high ultra-violet transmission, staLle physical and
chemical properties and ease of control over particle size.tl-sl tt is
known that alkali and alkaline earth pyrophosphates have the proper_
ties required to act as inorganic phosphor materials.tel lnitially, the
phosphors of the pyrophosphates famiry were rimited in their use to
cathode ray excitation.tel But at the present time UV/X_ray excited
pyrophosphate phosphors have also been reported in the litera_
1rr".[ro-131 h addition to phosphors as inorganic materials, pyrophos_
phates are used as fertilizers, catalysts, eleckode materials for
batteries, and in metal finishing processes, chemical anatysis, in prepa_
ration of piezoelectrics, ceramics, etc. pyrophosphates are also impor_
tant in the chemistry of living cells.tlal

Phosphors based on other host families (such as sulphates,
nitrides, aluminates, and borates etc.) have also been reported and
have interesting characteristics, however there are a few drawback
related to phosphors based on these host families. For example, sulfide
phosphors are thermally unstable and sensitive to moisture.t6t The
preparation of nitride phosphors often demands sophisticated atmo-
spheric conditions, such as high temperature and

were

re.t6I vated us to Dy3*, sm3*, ces* and

c pa ; Copyright

i;r ,t4lhrvidyalaya
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Moreover, aluminates and borate phosphors generally show lower
quantum efficienry.l6l phosphon based on the phosphate family, how_
ever, can be prepared at moderate temperatures. They have better
thermal and chemical stability when compared with aluminates and
borate phosphors.[1s-2ol They have also better quantum efficiency
than the latter'tls-2ol Recentry, detaired studies on the thermarstabirity
and quantum efficienry of some well known phosphate phosphors
have been reported.lls-2,, pauro et at 

tstuaiea 
the effect of different

anrrealing temperatures on the quantum efficiency of REpO4:Eu3*
(RE = Y' La, Gd) phosphors.llsl Lin et or. investigated the effect of tem-
perature (i.e., from 25 oC to 3OO .C) on luminescence emission of
KBaPOa:Ln (Ln = Eu, Tb, Sm) and yAG:Ce3* phosphors and observed
that KBaPOa:Ln phosphors are better than the yAG:Ce3' above
269 og.tr4 The present article reports the optical properties of micro-
crystalline BaMgl2OT:Ln3* (Ln = Dy, Srrr' Ce, Tb) pyrophosphate phos_
phors. To the blst of our knowledge there have been only three
reports published on the luminescence properties of BaMgp2OT i.e.,
doped with Eu2t, Eu3* or Mn2+.[21-231 ln these three reports, lumines_
cence due to only Eu2', Eu3* or Mn2* activators has been discussed.
However, we know that Dfr, Sm3*, Ce3* and Tb3* are potential acti_
vators in luminescence spectroscopy and to our knowledge there has
been not a single report in the literature that describes doping and
luminescence of these activators in BaMgp2O7, This situation moti_

luminescence
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Comparlson of thermoluminescence
characteristics in y-ray and Cs+ ion
beam-irradiated LiCaAIF5,:Ce phosphor

M. M. Yerpude," N. S. Dhoble,b S. P. Lochab'and S. J. Dhoble"*

ABSTRACT: W€ (omp.rl thr thennotumlnexence FU behavlor of C€* lon-.Gthr.ted LiCaAlFo ereos€d to Fays and a crrbon lon
beam. The reportGd phosphor is syttheeiied uslng ai ln-house predpttadon nethod wtth varylng concentl lons ofactlyator lon
and ls draracterLed by X{.y diffractlon (XnD} .nd TL Rietveld refinement ls periormed to study thG ,tructural stafstks. ThG TL
glowcu e consists ot a prominent glow peak !t 232'C with thre€ shouldeE at 1I t I59 .nd 333'C wher exposed to 7{ays from a*Co soulce. When exposed to a C' ion beam, ths fL gbw curve corslsts of five peaks wlth p€ak tsrperatur€s near t 56, 221, 250,
287 and 310'rC.nd ir found to vdry slightl, wirh drlnglng fluence. Glow <urve convolutlon darcnyoluton (GccD) tunctions are
rppllcd to thG fL qrrv€s for (omplete analysls ol the glow curre structure and TL traps. The orde? ot klnetl(s (b), activalion energy
(E) and ftequ.ncy factor are detemlned uC ng Chen's pe.k shrFe m€lhod .nd theoretlGl curves arc drawn uslng GCCD functtons.
A track lm€rxdon model (r|M) ls used to erplaln the subllnearftyAaturadon at high3r fluen(cs. lon b€an parametrrs at€ ana-
lyz€d uilng ltlont {e o slmulatlon-ba5ed SR|IG2013 code. Copyrlght O 2016 rohn tMley & Soru, Ltd.

Keywords: thermoluminescence; carbon ion beam; Monte{arlo slmulat'oGbased SRlltT2o l 3; IM model

lntroduction
lonidng ndhdon has be€n used ln tumor treatment for a number
of decades and photon ndlotherapy (R'Il is extensively used for
the treatment of cancs (l ). Recently, along with photon RI, heavy
lon RT has attracted a lot of lnterest ln the field of cancer treat-
ment Heavy lons show low anguhr, energy sraggling and im-
pro/ed dose confomations compared with photons. Thus, heavy
lon RT i5 more effective than photon Rif be(ause of its shap ln-
crease ln dose within a well-defined depth and the rapld fall in
dose beyond the maximum penetration depth of heavy lon (2).

An additional feature of heavy ions is the strong increase In their
linear energy transfer (!EI) in the affected region (3-5).

Among the heavy ions, carbon lons are most useful due to their
biological and physical properties. ln addition, the significantly in-
creased LET in the affe<ted region makes carbon lons a great tool
for use with all types of tumo6, especially those sunounded by
cdtical suuctul€s. Carboi lon fiT works in slmilar way to traditional
photon RI, in which a tumor is targeted with the goal of destoying
the cancercus cells. The size of carbon ions allows them to Gause

more disruption and ceate lrreparable damage when they hit a

cancer cell. Unlike traditional Ff, Grbon ion teatments cause rela-
dvey litde damage to healthy cells in the path to the tumor. S€ien-
dsts can control the penetration depth and tailor the 'shape of the
energy deposhed by the carbon ions to clos€ly match the shape of
a tumor. Once the ions reach the tumor, energy is delivered within
a very narro\{ zone, almost like an explosion in the tumor. This
featment provides doctors wlth lmportant options when
targetlng tumoE near sensitlve structures such as the braln.

Grbon lon $erapy leads to damage that is much more complex
and difficuh for the cancer cell to repah (3,H). Hene, great preci-

sion and accunry in ion beam dosimetry are needed when treating
humans. This requires the development of ion beam dosimeters
that satisfy chaGcteristic dosimetric properties (9). Thus,

lnoeaslng demand for the doslmety of dlaEed panicle beams be-
ouse they are increaslngy used b, dlagno5tic and theEpeutic pur-
poses (4J,10). Commonly used dosimeters sudr as LiFfullg,P and
CaSO+Oy aIe not standardized for use in lon doslnrety {d ttEre ls
the opportunlty to develop new matedals tallored for ion dodmetry.

The effect of a ca6on ion beam on mlcIo. and nanosystalline
CaSO4Oy* nas been rcported previously by Salah (11). Nanoparti-
des of GSOaDy are found to have less senshivlty than their micrD-
particle counterparG, but are more effdent at higher doses be(ause
miqoparticles saturate at a low€r dose. Recendy, IGle et al, (l2) re-
poned GMgr6OJr:Df' phosphor for orbon ion d6imety, which
sho.'6 35 times more sensitivity than commercial GSOaDy Ther-
moluminescent dosirneter (TLD) phosphor. fther researcher have
also reponed the use of phosphor in carbon ion dosimetry (13,14).

Ce!+-activated LiGAlF6 ls a welfknbwn phosphor wlth diverse
applications in soli+state tunabh lasers and scindllators (I5-t9).
A lot ofwo* has been done on colquirite-type LiCaAlF6 phosphors
oehining thei, Photolumimscence (PQ, Thermoluminescence
(ru and Optically Stlmulated Luminescence (OSU propenies rig-
gered by different activator ions (20-24). However, no shrdies on
ion-beam lradiated UGAIF6:Ce have been found. ln this study,
we report the effect of a C+ im beam on the IL properties of
Ce-actlvated LiCaAlF6.

I
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ARTICTE INFO ABSTRACT

In this paper we report the photoluminescence (PL) characteristics of D5F ,56:l+, Eu3'and

Tb3* doped NarPbz(SOrbO phosPhon prepared by wet chemical method. Prepared phos-

phors were characterized by X-ray powder diffraction QGD), scanning electron microscope

(sEM), color co-ordinates and photoluminescence (PL) properties. The emission spectra of

Na3Pb2(So4hcl: Dy3' phosphor show the characteristic emission of Dy+ ions Peaking at
* 6Hrs/z and aFel2 + 5H13p

Article history:
Received 23 February 2016

Accepted 18 April 2016

Kewords:
Wetchemical method
xnD
SEM

Solid state lighting
Phosphor

478 nm and 573 nm ()tex= 390 nm), owing
receptively. Under 396nm excitation the

to transitions ofaFep
Na3Pb(SO.)3o:Eu3+ phosphor shows emission

at 594nm and 616nm due to sDe--+?F1 and 5D6+7h transitions of Eu3' ions respec-

tively.whenNarPh(sorho:TtF phosphorwasexcitedby380nm.the_emissionspectrum

shoied intense green band at 545 nm due to 5Da --r 7Fs transition in'I!l* ion. The PL emis-

sion spectrum oip"rpUr(SO.)rCl:Sm3. phosphors by 405 nm excitatio-n gave_an emission

at 56inm (aGsp * 6H5p), 598 nm (aG5;2 + 6H7;2) and 643 nm !n!tt, -* 
6Hep).-Ihe CIE color

coordinates indicated ttrat att the aUoye phosphors were suitable as a white light-emitting
phosphor. SEM studies of the phosphors show that grain size of the powders prepared by

the wet chemical method is about ten micrometers range. Frorn the obtained results it can

be concluded that DIP+, Sm3+ Eu3* and Tb3' doPed NasPbz(SOa)3Cl phosphors are potential

candidates for solid state lighting applications 
tffi8ff:xl|!lo#'".^,, nghts reserved.

Rare-earth activated inorganic luminescence materials having special attention for developing new devices such as X-ray

imaging, radiation dosimetr!, solid state lasers, fiber amplifiers and biosensors [1,2]. It is well known that Nakamura et al.

i;-iffi'6*;toped theW-rios uy combining btue LED chips and yellow-emitting phosphor [31. The commercial YAG:ce

yellow phosphors became availabie by Nichia chemical co. in 1997. This phosphor when excited by blue light gives emission

in yelow ,uiion [4,51. 
yAG:ce has a iow color-rendering index due to lack of red component. Therefore it is necessary to

deielop new rea pnoiphors having excitation in the near-W region or blut region [6,7]. The above disadvantage could be

or.r.o*" by deviloping a new stible phosphor by using a mixture of red and yellow emission with strong excitation band

at around 400 nm, havirig high color rendering index. The LED light source is the best potential light sources when compared

* Correspondingauthors.
E-moil addresses; vijayjiin2006@yahoo.conr, vijayjiin@gmail.com (V. Singh), sjdhoble@rediffmail.com (SJ'

t. Inuoducton
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Effect of Ce3+ ion on Dt'* or Mn2+ in I(MgSOaCl synthesized
by centrifuge method
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ABSTRACT

In this paper effect of Ce3+ ion on D1f + and Mn2+ ions in microcrystalline KMgSOTCI host prepared by
ethanol (centrifuge tedtnique) method has been discussed. In KMgSOaO sample X-ray diftaction ()tRD),
scanning electron microscopr (SEM) and photoluminescence (PL) characteristics have been studied.
Powder X-ray diftaction anallrsis shows the crystalline nature of the phosphor prepared by this new
route. The morphological struchrres of the samples were conducted using SEM technique. An average
crystallite size was found to be 5 pm. Photoluminescence in KMgSOTCI:Ce3+ is observed at 324 nm and
!l44nm along with red emission broad band at around 644nm. In KMgso4o: ce, Dy phosphor cer+
emission around 324 and 344 nm overlaps rather well with Df * orcitation. The addition of Ce3+
showed higher photoluminescence (PL) intensity for the Df + emissions around 482 and 576 nrn excited
via Ce3+ ions at 284nm due to'Fe2 to 6H6p and 6Hs12 levels. Ce3+*Mn2+ energy fansfer process
occurs in IfigSOlCl hosL KM6O.CI: Mn does not give PL at 284 nm excitation but for co-doped samples
with cerium, Mn2+ ions odibits efficient fluorescence at around 560nm due to 4fr-6Al uansition
XIvtgSOaCl: Dy or IGIgSOaO: Mn directly orciting does not show any emission while addition of Mn2+.
enhances red emission of ce3+ at 644 nrn The clE co-ordinates of KMgsoacl:ce; KMgsoao:ce, Dy and
KMgSOaCI:Ce, Mn phosphors reveals that the emission cotour varies from blue to deep-red. Hence this
material may be a potential lamp phosphor.

o 2015 Elsevier B.V. All rights reserved

enr
1. lntroduction

By continuing the study on the same KMgSO4CI host by
adopting new ethanol synthesis method (centrifuge technique),
we could successfully prepare it. Previously we have worked on
KMgSOaCI: Ce; KMgSOaCI: Ce, Dy and KMgSOaCI: Ce, Mn (S.C
Gedam, S. J. Dhoble, S. V. Moharil J. Lumin. 124 (2007) 120-126) by
using wet chemical method. The luminescence properties of co-
activator compounds havg received considerable interest. The
main interest has been received concerned with the utilization of
efficient energy migration on sensitizer to activator. Energy
transfer phenomena have led to the development of new and
efficient photoluminescence materials. Cerium doped materials
usually show strong broad- band PL The luminescence is very
strongly dependent on the host lattice and can occur from the
ultraviolet to the red region of the electromagnetic spectrum. Ce3+
emission results from 5d to 4 f type of transition. As far as the

a Corresponding author.
E-mail address: gedanr_sc@r'ediftirrail.conr (S.C. Gedam).

http://Oldoi.org/10.I016/jjlumin.201 s.12.00s
OOZ2-27131@ 2015 Elsevier B.V. AU righrs reserved.

spectroscopy is concerned, the Ce3+ ground state [1,2] is split
between 2F5p and 2F7p and these are the only levels possible for
4 f configuration f-f transition in (e3+ is in the IR region. At room
temperature, they occur as unresolved bands with a maximurn at
about 2200-2300cm-l and half width of Z5O-3OOcm-r. The
excited state, above 2F712 level, belongs to 5d configuration in the
form of broad bands. Energy transfer process from Ce to activators
in different host matrices is well known Broad band emitters are
often used to sensitize the luminescence of RE ions. Optical tran-
sitions within a 4F configuration are so strongly forbidden that
they appear ih the absorption spectra as very weak. However,
excitation re;ulting in high light ouput can be achieved by
exciting a different ion (i.e., sensitizer) with an optically allowed
transition which transfers the excitation enerry to the RE activator.

Efficient enerry transfer from the broad (i.e. Ce3+) to the nanow-
line emitter (i.e., Dy 3+ or Mn 2+) is possible only between nearest
neighbours in the crystal lattice and optimal spectral werlap. If the
spectal overlap is small, only partial energr transfer is possible. CaF2,
Mn does not give any fluorescence under the W excitation while
CaF2: Ce gives a Ce3+ fluorescence emission wittr W
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GossMart
AbstEct
A detailed investigation of the thermoluminescence (fL) properties of.y-ray and C5+ ion
beam irradiated K2caMg(so_a[:Dy (KCM) phosphor wai canied out. icM was inadiated
by 50 anl 75 MeV grergy C+ ion bcams with a fluence range of 15 x lgro ioo. "r-f 1o- 

-
30 x 

_1012 
ions cm-2. Thc TL glow cunes along wirh the res-ponse curves of these phosphor

samples were analyzed and compared with comrnercial CaSOa:Dy phosphor. Th. TL gl,ow
curves of the phosphor exposed to'y-rays from oco and l3?cs sources were also examined
in this study for comlarative analysis. Theoretical analysis of the glow curves of the Cs+
iou beam aud 7-ray irradiated samples was perfomred using the gfw curve deconvolution
method. SRIIM/ TRIM simulations were performed in ordei to identify the ion b€atrl profile,
range, distribution, etc. The enhancement iu the intensity of the low t;mperature glo; peat
is explained with the hclp of an euergy level mortel and the decreasc il iL inter.ity *itU
increasing ior fluence is also cxplorcd in dctail. The radicals produccd after irradiation
were verified using the electroo paramagnetic resonance @pR) technique. The effccrs of
teurpmature and microwave power on the EpR signal are also studied.

Keywords: swift heavy ions, dosimetry, thermoluminescence, radiations, glow curves

$ O"tine 3urr1.r.ntary data arcilable from stacks.iop.org/JphysI)l!9/09510zmmedia

(Some frgures may appe4r il colour only in the online joumal)
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Thermoluminescence (TL) is one of the most commonly used
techniques in the dosimetry of ionizing radiation [l-4]. It is
also one of the simplest methods fot dose determination, in
which the dose absorbed by the sample is estimated using the
TL output duriog TL measurements. The light output depends

upol the dose absorbed by the material, an increase in the
dose will lead to an ilcrease in the TL emission, within cer_
lain limits of doses. The TL technique is also used in dosinr-
etry of heavy ion beams [5, 6]. phosphors show different TL
responses to conventional
particle beams [7-9]. This
to the differences in dose

photon bearns and heary charge
variation in TL response is due

distribution of the radiation used
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Novel photoluminescence properties of Eu3+ doped chlorapatite phosphor
synthesized via sol-gel method

Arti Dunrgkaf, Sumedha Tamb91io, N.s.-ptroulea, s.J. Dhoblpb'.
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ABSTRACT

chlorapatite phosphors havlng formula ca1e.e7.9@oa)5,o1.e.1:xBu3+ (r : o.o5 mol%, 0.1 moloz6, 0.3 mol%, o.S
mol%, 0.7 mol% and 1 mol%) were synthesized by sol-gel rynthesis method. X-ray diftaction (XRD) panern of
the synthesized sample was obtained to ensure the formation of compound. Cr;nallographic study was done by
performing fueweld reflnemmt arelysis. Surface morphology of the compormd 1ytr5 aramin6{ by obaining
scanning electron rnicroscopy (SEM) images. Photoluririnescence (PL) emission spectra show intense emission
peak at 574 nm and reladvely less bteDse p€aks at 601 nm, 623 nm and 629 nm wlth 461 nm excitation.
Enission peak located at 574 nm is very interse In ttk compound which is rarely observed for Eu3 + lons doping.
PL decay is obtained and sitc setective transidon of Eu3+ lon ia apatite host ls discussed- Commisslon
Iatematioual de lEclairage (CIE) chromadcity color coordinates of this phosphor were calcqlated. OE-chro-
madcity color coordlnates shows yellorvish-orange emisslou of the phcphor.

\

l. Introduction

Europium ion is vigorously studied activator in the field of lumi-
nescmce and extremely usefrrl as a dopant in phosphors for LED and
display devises, sensor [1-4]. It can exist in Eu3+ as well as Eu2* forms.
Eu3+ ion possess interconfigurational 4f-4f tra,rsitions whid are for-
bidden transitions and Eu2+ ion possess 4f-5d transition which is al-
lowed transition 4f-4f. transitions of Eu3+ ions are hypersensitive

. transition [5-7]. Depending on the chemical envirortrnent present
n around the crystallographic site, which is available for doping ofEu3+

lons, some forbidden transltions become allowed and blue-green-red
emissions can be seen. Site dependent emissions ofEu3+ ions is utilized
by researchers to shrdy local stmctural symmetry in host [8,9]. In Eu3*
doped compound, absorption of energy can be done either by 4f.4f
transition or drarge transfer (CI) transition. Excitation peak corre-
sponding to CT transition is called as CT band. CT band is the result of
interaction of 02- ions with Eu3+ ioru. Ihe position of the CI band
varies depending on the band'gap ofhost materials [10]. Thus, by se-
lecting the appropriate host material, desired absorption and emission
spectrum of Eu3+ ions can be obtained and structural study can be
done.

ln present work, photoluminescence of Eu3+ ions in chlorapatite
rystem has beeo studied. Apatite family of compounds is an important
class of inorganic compounds and contains large number of compounds

'Conesponding author.
Equil oil&es: sjdhoble@rediffmail.com (S.J. Dhoble).

hl lI): /./dr.doi.or8/'10.t 0 l61j.maleresbull.20l 7.09.043
Rcelved 16 June 2017; Received in revised fonn 20 September 2017; Accepted 20
Available onliae 2l September 2017
0025-il08/ @ 2017 Elsevier Ltd. All rights resewed.

with different elemental constituenb. Apatites are widdy distributed
minerals in igreous roclc They have the general formula, Caro(pOr)d(2,
where X is F (fluorapatite, FAp), OH (hydroxyapatite, OHAp), or Cl
(drlorapatite, CLAp). Ca can be replaced by Sr, Ba, Na and pb. OHAp is
the mineral of6one and teeth [11]. Apatite lattice is very tolerant for
substitution of rare earth elements or transition metal ions. Therefore,
doping of activator ions can be done very easily without disturting the
overall stabitty and crystal structure of the host. Ca5@Oa)F:Mn2+,
Sb3+ 1Ca-FAp1 compound is the well-known lamp phosphor used in
fluorescent lamp industy [12]. Therefore, rare earth doped apatite is
always an interesting topic for researchers which motivates us to carrJr
oui this work

The calcium drlorapatite Caro(pOdo0z (CLAp) is an important
compound of apatite family. Gale(POa)5CI2 eris15 as two polymorphs: a
monoclinic phase with space group P21./b atlow temperature and the
typical hexagonal phase with space group pfulm after ttrermal treat-
ment above 350'C. h calcium chlorapatite, there are two crystal-
lographically distinct Ca atons having C" and C3 symmeuy tl3l. Rare
earth doped calqium drlorapatite compound is synthesized by some
researchers and different strategies were developed for the synthesis of
chlorapatite bqrause synthesis tedrniques can change the photo-
luminescence property of compound [14]. Zhang et al. synthesized
Eu2 

+ and Tb3 
+ codoped Ca1 s@Of6Cl2 phosphor by conventionat solid

state sytrthesis method t151. Kim et al. studied photoluminescence
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1. lntroduction
Irradiation of rare earthdoped phosphors with photons or
heavy charged particles (HCPs) induces some modification in
the structural and optical properties of the phosphors. Such
irradiation induced modifications have been widely studied in
the past few decades for their weryday applications in the fields
of nuclear science, materials science and natural science.l-3
HCPs are regarded as the best tool to explore the mechanism of
ion interaction with matter and the consequent formation of
new trap centers or point defects in the materials.a Heavy ion
beam irradiations lead to changes in the optical, stnrctural,

On the study of the g6* ion beam and T-ray
induced effect on struetural and luminescence
properties of Eu doped LiNaSOa: explanation of
TSL mechanism using Pl- TL and EFtrt study
Karan Kumar Gupta,a R. M. Kaclam,b N. S. Dhobte.c S. p. Lochabd and
S. J. Dhoble@*d

A,
The present paper reports on the 1-ray and C6* ion beam induced effect on the structural and
luminescence properties of Eu doped LiNaSOa phosphors synthesized yra wet the chemicat method.
The material was irradiated by 6oCo and sCs 

1-rays and 75 MeV C5' ions in a fluence range varying
from 2 x 1010 to 1 x 10u ion per cm2. The ion lnduced modified properties were investigated using
X-ray diffraction frRD), micro-Raman spectroscopy. photoluminescence (PU, thermotrrminescence (TU

and etectron paramagnetic resonance (EPR) studies. The XRD and micro-Raman results confirm the Loss

of crystaltinity and elongation of the lattice parameters after ion beam irradlation. The presence of both
divalent as well as trivalent states of Eu lons at muttipte sites of LjNaSOa ls observed by PL study.
lrradiation of the LiNaSO4:Eu phosphor with a C6+ ion beam modifies the poputation of the valence
state of the doped rare earth Eu ion and enhances the TL sensitivity of this phosphor. The nature of the
prominent TL gtow curve is identicat for both 7-ray and C6* ion beam irradiated materials white
additionat deep trap levels appear in the latter due to the formation of severat types of cation and anion
vaGncy. The electron paramagnetic resonance (EPR) technique also supports the presence of the Eu
ion at muttipte sites and provides information regarding several grpes of radical produced after 1-ray and
C6* ion irradiation. Finatty, a mechanism is presented for the thermatty stimulated luminescence
phenomenon on the basis of our observed results from the Pl- TL and EPR studies. The reason behind
lon beam irradiation induced modification of the TL properties ancl enhancement of tuminescence
intensity is atso explained in this report.

mechanical, electrical, and chemical properties of materials
in a precise way due to the deposition of highly energetic
charged particles with wide rangeq of enerry.,-s When energetic
ion beams interact with materials they lose their energies in
two modes, (i) nuclear and (ii) electronic stopping. Nuclear
stopping is dominant at lonr energies while elcctronic stopping
is dominant at high energies where the displaceruent of atoms
due to elastic collisions is insignificanL6 Electronic energy loss
causes intense electronic o<citation or ionization of atoms by
inelastic collisions along the ion trajectory. This process creates
new defect centers in the rnaterials. HCp irradiation may also
result in the 6ss of crystallinity due to the creation of lattice
defects in the host matrix of studied materials.T The defects
produced in the target materials can also be influenced by the
types of ion used as well as the ion eners/ and fluences. There
are several studies on the formation ofpoint defects, new trap
centers, and the rearrangement of existing defect centers after
snift heavy ion beam (Sut) irradiation which gives a clear

Irulia
c Depdrtmeil of Chemistry, Soailal Mahila Mahavidyalay, Nagtur.440009, Inilia
a Inter llniverstt! Accelemtor Center, Aruna Asaf Ati Mary, N,,ll, Dethi-110067, India indication about the improved luminescence properties of
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Abstract
Srp5orCl: Dy phosphor was synthesized by modified solid state dim$ion method and the impact of C+ ion-beam on its TL
behavior was studied in detail. Phosphor was annealed at 1000 'C for obtaining single phase 

-host. 
XRD technique was used

to coDfrm the formation of the material and was matched with JCPDS-2748815. The iynthesized phosphor was character-
ized for photolumiuescent spectra. Characteristic emission at 4g4 nm (aF*-r6H,rz) and 575 n- ioF*_-6H,,rr) "orfir.sthe presence of Dy3+ ions in the.SrrBrOrCl host matrix. Further TL properties of thi synthesizsd materlal wer.e stuaiea ror
fluence range l.5x 10rr-30x l0r1 ion/cm2 1i.e. +0.14-8o2.9 tcy dose; of c5+ ion-t"u. tzs rvr"vGJ*"." iorno to rrro*
the nou linear bchavior between a dose range 40.12L802.9 kGy. TL glow curve for SrrBrOgCl:Dy irradiated with C5+ ion-
beam (75 MeY) was compared with that of 1-ray irradiated phosphor. TRIIvI/sRM cot"utiations vt perrormed to corrclate
the changes in TL properties of SrrBrOeCt:Dy phosphor.

lmpact of Cs+ ion beam on Dy activated SrrBrOrCtTL phosphor

Abha H. Ozar . \ribha chopra2, N. s. Dhoble3. s.J. Dhoblel

Received:5 September 2017 /Accepted:7 February 20l8/ published online: t2 Februarv 2018
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properties of already available msterials as elncient TLD
material in the form of low Z* (tissue equivalence) as well
as high Zcr that can be used in diferetrt areas with low or
high levels ofradiations. Most ofthe phosphors can be used
as TLDs within a specific range of radiation doses atrd not
for all doses from very low to very high range because it
depends on various factors including linearity, precision,
dosc rate, fading, reproducibitity, and others. thus there is
a need to explore more sensitive materials that show lin_
earity of TL response in the large range, materials which
are energy independent, thermally stable and have low fad-
ing. Moreover there is a continuons demand for efficient TL
dosimeters for monitoriug high dose levels of swift heavy
ions (SHI) that are growing daily as these ions are used
extensively in medical applications.

Ion beam therapy is found to have an importart mle in the
treatstrent of cancer as compare !o the conventional phototr
beam. Il conventionat beam irrartiation the dose deposition
decreases in proportion to the penetration depth whercas in
ion beams it gradually incrcases, and then decreases rapidly
beyond a shaiply defined maximum knowrr as the Brag!
peak near thepnd ofthe range ofthe ion beams. Bragg peak
therapy offers the promise of cxcellent dose localization for
treatment of tumors. Therefore, ion beams are importatrt
for treating tumors located deeply inside the body and is a
better option for cancer therapy to avoid the high risk sur_
gery and the side effects of rnedicinal drugs. Among vari-
ous types of ion beams, carbon ion beams particularly are

Prii"llipal

The measuremetrt of mdiation doses is one of the impor-
tant arEas of research due to the fact that radiation above a
permissible dose is harmful to human kind. Thermolumi-
nescence is a vcry useful technique to estimate the quan-
tity of absorbed dose of ionizing radiations. kactically,
thermoluminescence dosimeter (TLD) badges are used
for envtonm€nt, personal, space, health and matry more
radiation monitoring applications [l-4]. Today, therc are a
number of commercial TL dosimeters availahle for users
as TLD badges and are mostly based on oxidcs, fluorides
and sut)hates. However, each of these dosimete$ has their
own strengths and shortcomings in certain areas such as in
the low or high radiation zones. For this reason conti.nuous
efforts have been made by the research community world-
wide to develop new materials and to improve dosimetric
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1 I INTRODUCTION

Thermoluminescence ffu has gained lots of popularity since the six-

t:enth cenfury due to its applications in various licids such as radla-

tion therapy, dosimetry, geologtf, space research and other research

related areas.lrl TL is the thirmally stimulated emission of light from

an insulator or a semiconductor following the previous absorption of
energy from ionizing or non-ionizing radiation.l2l The thermolumines-

cent properties of a number of materials has been investigated so

far and it is observed that mixed alkali/alkaline plrosphate set up a

class of TL phosphors with worthy performances, particularly when

doped with appropriate activators or impurities.t3l Several materials

Abbrevlatlons used: CTB, charge transfer band; EDX, X-ra)c
Eu, europium; GCD, glow curve
pyrophosphate; Pl photoluminescence; 5EM,

TL, thermoluminescence; XRD, X-ray diffraction.
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Luminescence properties of nanocrystalline Mg2P2o7:Eu
nhosphor

Karan Kumar Guptal'3 I Nirupama S. Dhobte2 I Devendra K Burghate3 I Saniay J. Dhoblel @

l

like o-Al2O3:C, LiF.Ti,Mg, and CaSOaDy due to their exceptional ther-

moluminescent properties such as highTL efffciency, thermal stability,

high sensitivity and reproducibility, are now widely used as thermolu-
minescent dosimeters Cl'LDs) in different fields of applications.H

Numerous applications of radiation ln wide areas have motivated

towards the development of radiation dosimetric materials according

to the area of intbrest Several luminescence based detectors [rLDs)
were developedJor the detection of radiaUon as well as quality con-

trol in radiation processing, and many novel dosirnetric materials are

still being researched,ts'61 However, the safuration of TL response at

high dose (above 1 kGy) of inadiation is a major concem for TL detec-

tors like LiF:Mg,Cu,P, MgBaOT:Dy and CaSOa:Dy.taTlThe main reason

of TL saturation at high-dose exposure is due to the limited capacity of
electron traps which gets filled with free electrons created after ioni-

of phosphor miterials.tsl Moreover, this problem can be

material or materials having a
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1 INTRODUCTION

Boron-based materials show interesting thermoluminescence (TQ

properties when exposed to ionizing radiationtl'zl. The luminescence

properties of lithium borate and magnesium borate in both micro-

crystalline and nanocrystalline forms have been studied previ-

ouslft-4!. Recentty, researchers who sfudied lithium magnesiuni

borate phosphor found that it was useful for applications in

dosimetryts'61'

To date, only a few studies on LiMgBO3 have been reportedtsl.

Recently, the TL properties of rare earth ion

Mn, Ce, Eu)-doped lithium magnesium borate

the solid state diffusion method, have been documentedt6l. LMB:Tb3t

showed the best results with a stable TL peak at 24OoC LMB:Tb3'

was about four tlines more sensitive thanTLD-lOO. Optical properties

of LMB Blasse; doped with Dy3',Sms ions have been studiedtil.

Photoluminescence properties of LMB:Eu and LMB:Eu,BI have also

been studied in detaillst. LiMgBO3:E\f* in its potycrystalline form has

been prepared using a novel solution combustion method and its

TL sensitivity was found to be half compared with commercial TLD-

100 and showed a high degree of fading of 30% after 2O daystel.

Furthermore, LiMgBO3:Dy3* in its nanocrystalline form has

been prepared using the combustion method and its strucfural

and optical properties have been studiedtlol.
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suitable for all low or high radiation zones. Therefore, continuous
efforts is being made by researchers worldwide to develop new mate_
rials and to improve the dosimebic properties of existing materials to
be used as efficient ILD materials over a wide range of radiation
d65gs.r'-ro1 - |

2 I DEVELOPMENTS IN TLD MATERIALS

Thermoluminescence lrL) was first described by Farrington Daniels
and colleaguestttl when introducing LiF as a TL material and that
was later patented as TLD-100 by the Harshaw chemicar com-
pany.txl'l3l Many ntw dosimetric phosphors have been reported over
the last few decades that have different efficiencies for different dose
ranges of radiation. Nanophosphors have a potential role in many R&D
areas such as medical,tla'lsl accidental,tl6t retrospective,tlT.ial per-
sonal,[1el thermal neutronl2o] dosimetry, solid-state lightingtzr:ul .nO
2D optical stiinulated luminescence (OSU mapping.t23t Many standard
commercial dosimeters are now available, the most famous being LiF:

Al2O3 [fLD- 500), CaSO+Dy fl-LD-900) and

Each of these phosphors cannot be used
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1 I INTRODUCTION

Radiation comes from natural, as well as anthropogenic sources. The
human response to radiation from different sources is subject to great
scientiflc uncertainty and intense controversy. Radiation can be used
in the treatment of diseases such as cancer, in which even small doses
of radiation might do some harm. Many factors are involved in finding
the effects of radiation exposure to health such as the amount of
energy deposited in the tissue and the ability of the radiation to gen_
erate harm. The regulated international value for the equivalent dose
for a member of the general public is 1 mSv/year.tr,2t Therefore, there
is a need to measure even small doses in the environment and very
high doses at times of accident such as radiation leakage in isotopic
laboratories and moreover for the heatment of cancer.

Thermoluminescence dosimetry [tLD) is one of the most important
techniques used to quantify the absorbed dose, in addition to other
techniques based on solid-state dosimetry such as radiation-induced
absorbance (RlA.t3,4l ln practice, TLD badges are used for different
radiation monitoring applications.ts,6l fherefore, there are many
oxide, fluoride and sulphate-based phosphors in the form of TL badges
available commercially. However, each of is not

Mg,Cu,P

CaF2:Dy
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1 I TNTRODUCTTON

Due to the vast increase in demand for energy from industry and for

households and commercial purposes, the level of power generated

based on coal and fossil fud technologies is growing rapidly and

hence the levels of CO2 and other harmful gases in our environment

are lncreasing This increase has a detrimental effect on human health

and the health of other living animals due to changes in water, soil

and air qualities. Many resdarch groups and organizations are making

increased efforts to develop both environmentally friendly energy

generation and energy-saving technologies for the sustainable devel-

opment of mankind. Many existing technologies developed by scien-

tists have been proposed and proven in practice to have the capacity

to produce new and renewable sources of energy generation that are

based on geothermal energy, wind energy, solar energ:y, and hydro-

thermal energy etctll These natural resources are available depending

on the geographical and geological resources of each country. Of the

different natural resources, the Sun is the main contributor to life on

Earth and development of the global environment. Natural sunlight is

available everywhere and in larger

LUMINES(ENCE wrreyIt.r@nEi ot Blologl.d.rd (hmkrl Lslr*.M

t-
compared with other resources. Therefore solar photovoltaic technol-

ogy is the best altemative for energy generation, as it uses a green

and non-polluting source.t2lWe should not only think about environ-

mentally friendly sources of energy, Dut abo focus on energy-saving

technologies. ln the area of power genention and utilization, some

energy is used for indoor or outdoor lighting, and for decoration etc.

Therefore therc is a second challenge to develop low-cost, non-toxic,

energy-saving products that are envlronmentally sustainable. Com-

pared with lighting devices used over the past few decades such as

incandescent or compact fluorescent lamps (CFQ, light-emitting

diodes (LED) are an emerging lighting source for the 21st cenfury

based on their'special merits of long operating lifetime, energy-saving

potential, high brightness, and much reduced toxicity compared with

incandescent or fluorescent light sources.t3l Therefore, indirectly, they

help to control the level of greenhouse gases in the atomoshere due

to their energy-saving capabilities. LEDs have many advantages and

are a much safer alternative to cunent lighting devices used at com-

mercial and industrial levels.ta-61 White LEDs (wLED) are made using

(1) by combining (NUV) LED chips with

es when' ' RG and (2) by combining and
rii
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Luminescence is the emission of cold light at normal K,om tempera-

ture. There are many types of luminescence such as
photoluminescencetrl, mechanoluminescencet2t, electrolumines-
cence[3], magneto'luminesccncetal, cathodoluminescencetsl, biolumi-
nescence[6], and thermoluminescence G7 Each emission is named

after its source of energy. TL is one type of luminescence that is

mainly emitted from insulators. The main source of energy in this pro_

cess is hea! whlch activates the luminescence.(8l TL is totally depen_

dent on the amount of radiation absorbed by the dose substance.

This method is widely used to measure the dose absorbed in a radii_
tion protection area as in TL dosimetry.te-l1| LiF:Mg,Tit12l, CaSOA

Ef*'trgt and casoa:Tmtral etc are commerciar rL materiars used as

medical, personal, or environmental dosimeters. Many commercial
thermoluminescent dosimeter [ILD) materials are used extensively
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1 I INTRODUCTION reproducibility, however few TLD materials are used in the specialized
fietd of radiation affected re6on5.rls-b1 Therefore increased interest
has been generated in find natural geological natural materials that
could replace commercial phosphors (Figs 1-1g).

Thermoluminescence is a useful phenomenon to characterize traps
and lattlce defects in broad band gap materials ln which light is ndi_
ated from heated materials due to the release of trapped stored elec-
trons.t2ol The rdleased electrons recombine at luminescence centres,
giving out a gpw. From this TL glow peak information on trapping
parameters such as kap depth or activation energy of the charge trap,
and the trap attempt-to-escape frequency, known as the frequency
factor, can be gained. For use in dosimetry, theTL peak should be gen_

erated at a high temperafure, around 473 K Dosimetric properties of
TL materials mainly rely on trapping parameters such as activation

(E), frequency factor (s), order of kinetics (b) and peak temper_

due to their high sensitivity, thermal stability, limited

dtu& of the glow curye.t2l-zsl Many techniques such as Chen,s

method, the initial rise method, the whole glow curve
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paper thermolr:minescence (TL) characterization of fossils of sauropod

dinosaur eggshells and associated sediments are recorded for the first time.

collected from the Bagwanya interhappean sediments in Dhar district

TL was recorded followed by 60Co gamma rays exposure.at different

I r-
{

was

dinosaur bone, dinosaur eggshells and associated sediments were

gaurma rays with different doses from 0.15 kGy to lg kGy. The linear

curye of irradiated samJ,rle was obtained for dose range from 0.15 kGy to

These geological sa-pies were further charactlrized by XRD for the

of phase, scanning elechon microscope (sEM), FT-IR and wD-XRF for

the of elemental composition forppm to percenta gr&>
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ABSTRACT

Selection and Peer-review under rtsponsibiltty of the scientific commitree of the I I th Nadonal Confer-
ence on Solid Sratc Chemistry and Allied Areas

Recently in comparison with conventional incandescent or flu_
orescent lamp rfhite light emitting diode (w-LED) receive promis-
ing attention in the field of solid state technolory due its unique
characteristics includes, intense luminous efficiency, tong opera-
tional sAbility, merorry free, eco-friendly, low powerconsumption
reveals wide application prospects [1-31. ln general, white LEDs
(w-LEDs) available in market can be manufactured by combining
yellow emitting phosphor with blue lnGaN chip, However this type
of w-[EDs suffer limitation includes low colour rending index(CRI)
and high corlelated color temperature (CCT) due to deficiency of
sulficient red emission [a,5]. This limitations is overcome by adopt-
ing alternative approach for the formation w-LEDs, by means of
coupling of near- ultraviolet (n-UV) lnGaN- based chip with tri-
color (RGB) phosphor, but still has disadvantage of low elhciency
due to re-absorption of blue light by red and green phosphor [6].
It leads to development of altemative red or tunable phosphor
with excellent stability and suitable excitation wavelength in the

l. Infoducdon

* Corresponding authors.
E-mail addresses: cmmeharelS@gmail.com (C.M. Mehare), sjdhoble@rediffmail.

com (SJ. Dhoble).
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Selection and Peer-review under responsibility of the scientific committee of the

n-W region Recently, apatite-type based phosphor received more
attention as a host luminescence materials owing to their remark_
able luminescent efhciency and excellent chemical and thermal
stability [7,81.

The compounds belongs to apatite family will be iso-structural
in nature, compose of hexagonal slrmmetry (space group of p63/m)
consisting general formula Alo[PO4P2 where A- indicates divalent
cations includes ca2*. Ba2', Mg3., pb2., sl*, Fer, Mn2. etc. z_ rep_
resent F, Cl, Br or O. With considention of strucnrral morphology
lPonls- can be subsrftuted by [sioal.-, [Bo45- ana lvooli:
[6,9,101.The compounds with apatite structure reveals the capabil-
ity of substitution by versatile ions and forming the changeable
solid state solution apatite structure. attributes to the tunable
luminescence fo,llowed by excellent luminescent properties, hence
gain more interest for the rynthesis novel inorganic framework
with new comjound belong to apatite structure.

In the present work we report the synthesis of Cae[a(pOa)5_*
(MoOn),(SiOr)F1CI1:lmolX Eu3* fluoroapatite Bpe phosphor by
solid state reaction method, further [PO4l3- of the host is replace
by IMoO4l3- and their luminescent properties are investigated.
The formation of as-prepared phosphor was further confirmed by
X-ray diffraction (XRD) and scanning electron microscopy (SEM)
analysis.
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ABSTRACT

The NardlrzSir3O5l: Dt'' phosphor is synthesized by combustion method and prepared sample was
characterized by X-ny Diftaction, SEM, FTIR and Thermotuminescence ftt) techniques. TL chiracteris-
tics show the quenching at 3 molx of Dt'* ion activated Na1aAl12si13o51: Df' phosphor with single TL
glow peak 154 "C at higher temperature. Prepared phosphor material was irndiated orygen ion beam
at different fluences range ftom 5 x l0lo to 1 x 10lr ions/cm2. Chens peak method and computerized
glow curve deconvolutation method was used to evaluate the trapping pammeters namely, activation
energr, frequency factor, kinetic order associated with the main glow curve in Na1aAl12Si13O51: Dyfl
phosphor after irradiation.

@ 2019 Elsevier Ltd. All rights reserved.
Selection and Peer-review under responsibility of the scientific committee of thc I lth National Confer-
ence on Solid State Chemistryr and Allied Areas.

l. Introduction

Numerous techniques is available to prepare phosphors such as

solid state reaction [1], wet chemical methods [2], solution com-

,bustion [31. sol-gel [4], spray pyrolysis [5], co-precipitation
/ method [6], heterogeneous precipitation method [7], chemical
vapor deposition etc. Among wet chemical methods,'solution com-
bustion synthesis' has different advantages. lt requires simple
apparatus and the materials used are more economical [8]. It
requires low energy, short time and this technique may also be

employed to turn out standardized, high-purity, crystalline oxides.
The nature of crystalline, surface area and agglomeration of the
synthesized products are prirparily governed by flame temperature
during combustion which itself dependents on the nature of the
fuel and the fuel to oxidizer ratio l9l. lt is known that, a good fuel
should react nonviolently without producing venomous gasses and
act as a complexing agent for metal ions. While the solid state reac-
tion method has several shortcomings such as prolonged reaction
time, larger size grain $owth and poor homogeneity.

The combustion synthesis process is to dissolve metal nitrate
and fuel in water, and then to heat the solution in a microwave

* Correspondint author.

E-moil oddressr sjdhoble@reddifmail.cotn (SJ. Dhoble).

https:/ldoi.org/ I 0.1 01 6/j.mrtpr.2020.05.1 I 3

2214-78531@ 2019 Elsevier Ltd. All rights reserved.

Selection and Peer-review under responsibility of the scientific committee of the

oven. The fuel and metal nitrate decomposing and give flammable
gases such as NH3 and NO2, respectively. After the solution reaches
the point of spontaneous combustion, it begins burning and
becomes a solid, which bums at high temperahJre. The combustion
is not finished until all the flammable substances are all burned out
and it tums out to be a loose substances which show voids, pores,
and high friable formed by the escaping gases during the cornbus-
tion reaction

Thermoluminescence (Tt) has been a dynamic field of research
in the present decade because of its broad function potential

[10,1 1]. lts most remarkable application has been in its utilization
in radiation dosimetry. Ionizing radiation dosimeters, which
depend on the thermoluminescence properties of materials, have
helped in the arrangements of numerous dosirnetric issues due
to their long tirne stockpiling limits, autonomy of portion with
radiation forces, ease with which estimations are done and light
weight [12]. ,

Thermoluminescence is the production of light (generally in the
visible region) when a TL phosphor already exposed to ionizing
radiation (y, F, X) is heated. The plot of light production with time
at dissimilar temperatures is known the glow curve and the area
below the glow curve can be associated to the dose of radiation.
The glow curve not only supports accurate estimation ofthe dose,
it can also assist in maintaining the superiorityr of dose estimation

on Solid State and Allied palf,
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1. lntroduction . ,

Over the past few years, many inorganic compounds activated by rare earth metals, such
as silicates, phosphates, borates, aluminates and sutphides, have attracted great attention
for their applications in different fields (r- f3). Furthermore, these days, the synthesis of
different novel phosphors has become the current topic of the research community due
to their excellent luminescent properties required for sotidlstate lightening. Some of these
competent phosphors are Apatite-type phosphors with ftvourable chemical and thermal
stability and excellent luminescent properties (14). Apatite compound represents a simi-
lar structure as the natural mineral fluorapatite Cale(POa)5F2. lt is having general chemical
formula as Aro(POq)622, where A represents cations such as Ca2*, Mn2*, Ba2*, Sr2l, Fe2*,
Mg2+ and Pb2+ and Z represents F, Cl, Br or O. Moreover, [PO4]3- can also be replaced
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In the present papec we have succesfully qmthesized Euz+ activated K3Ca2(SOa[F phosphor by nro-
step solid-state reaction method at high tempenture (800 "C). Pure crystalline formatioG morpholog-
ical behavior; and their vibration bonds of synthesized Eu2+ activated KrCadSOl):F phosphor were
verified by the X-ray diffraction (XRD). Scanning Elecron Microscopy (SEM) and Fourier fansform
lnftared Spectrum (FT-IR). The photoluminescence (PL) spectnrm and CIE coordinate with color purity
also characterized. ln PL emission spectra clearly represented that broad s<citadon band from 250 nm to
400 nm ranged. The center of this PL excitation spectnr obsewe at 326 nrq but some parts of these
spectra lies to 350 nm-400 nrn This er<citation wavelength is very useful for the generation of white
light because it may be used as near IJV lighL PL emission represents broad emission spectra from
400 nm to 550 nm centred at440 ilrr Most part ofthese PL emission spectra lies in the blue region ofthe
spectrum PL spectra arise from the transitions between the 5d and4f orbital's transition of Erf+ ions R/t
parameters such as Stokes Shift (AEs), the Huang-Rtr1n factor (S)Bffective phonon energr (tr,r) and the
Zero-phonon line (ZPL) are calculated. tn our present work, we are calcutated that the vatue of Huang

-Rhys factor constant (S) is 3.74 that means coupling is intermediately srong CIE chromaticitlr coor-
dinate of K3Ca2(SOa)3F:xmolXEu2*1x : 0.5, 2.0, 3.0, 5.0. 7.0, lomoul] phosphor were also calcutated by
using OSRAM SYLVANLA color calculator 1931. By using these CtE chromaticity coordinate was calculated
the value of color purity for eadr concenration of Eu2+ ions. After seeing all results of synthesized
phosphor nraterial we are conduded that it may be a better option used as commercial phosphor for
obtaining whire light So it may be a promising cardidate for NW WLEDs.

@ 2020 Elsevier B.V. All righs reserved

Kqntords:
K3Ca2(5Oa!F:Erl+
Phosphor
LED

Solid state re.rction
Photoluminescence
OE chromaticity diagram

I. Introducdon

In the age of digitization, the enerry shortage more times lelt
when the electrical power is generated on this planetis inefficiently
consumed for lighting applications. If energr is not utilized judi-
ciously and wisely for lighting then many problems are clearly
viewed on the planet because of the world population daily
increased and industrialization regularly improved [1,21. Rare earth
activated inorganic phosphor has attracted a lot ofattention due to
their excellent features. Rare earth activated inorganic phosphor
widely applied in the field of luminescence and their research has a
high impaa on the energy and environmental sectors [3-5]. lt is

. Corresponding author.
E-mail oddress: sjdhoble@rediftnail.com (SJ. Dhobte).

https :/ldoi.org/10.1 0 I 6/j.molstmcZ 020.127 957

0022-2860/@ 2020 Elsevier B.V. All rights reserved.

also widely used in the field of Hg free fluorescent lamps, plasma
display panels, indoor lighting, cathode-ny tubes, solar cell,
fingerprint detection, biosensing, phototherapy, plant growttl
white light-emitting diodes (WtEDs) and Dosimetric applications
[3-101. Solid-state lighting (SSt) based devices are predicted to
play a crucial role in the coming few years. They offer to save huge
amounts of Etectrical enerry and reduce carbon emissions by
almost 28 mlllion metric tons per year globally [11 ]. In recent years,
phosphor ionverted white light-emitting diodeshasrevealed
extraordinary features and it becomes the best choice in lighting
technology due to their advanced technology and excellent prop-
efties such as compact size, high luminous efficiency, energy sav-
ings, long operation life-time, and environment-friendliness, etc
[2,12-14],which promise significant reductions in power con-
sumption and pollution from fossil fuel power plants [121. Gener-

are used as an indicator, rear lamps for vehicles,
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Tunable luminescence of Eu3+, Sm3+ and of+ doped NazCaMg(poa)z
phosphor for optical applications
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ARTICLE INFO ABSTRACT

ln this work Na2caMg(K).h and Na2caMg(Poa)2-a(soa)1 doped with europlurq samarlum and dyspro-
sium phosphors were rynthesized $r combustion method using urea as a fuel along with its optical,
shudural and morphological investigations which may be applicabie for solid state lighting and neir-W
o<cited tED. The phase homogeneity of the phosphor was established by X-ray powder diffraction p{RD)
and characterized by scanning electmn microicopy (SEM), photolumioescent (PL) spectroropy and
room temperature FTIR spectrum. The phototuminescence (PL) properties were investigated under ul-
tra'violet (W) ray ordtatioru Prelinrinary studies showed that the phosphor might be promising candl-
date as a light-conversion phosphor for the optical systern The luminescence interuitlr is enhanced
considerabllr by tuning the host matrices after core-shell formation due to degree of decrease of non-
radiative rates rising from surface sagging bonds and surpassing agent

o 2019 Elsevier B.V. A[ righB reserved.
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l. lntroducdon

At present, solid state lightning (SSL) employs light-emitting
diodes to produce white light because of their mercury-free,
environmental friendliness, low energy consumption, high dura-
bility over the conventional incandescent and halogen lamp [1,2]. ln
1991 Nakamura [3] provided a first improvement in solid state
lightrring (SSL) research in the field of white light-emitting diodes
by his discovery of blue light-emitting diode (tED). Far along, in
1996, the first white LED was fabricated which used yellow phos-
phor (YAG:Ce) combined with blue GaN LED [ l. The above re-
ported techniques of generating white light has certain
shortcomings such as low3olor rendering index, radiance effect etc.

Consequently, to overcome these shortcomings the alternative
techniques to produce white light has been utilized by combining
blue. green, red phosphor with W LED [51.

Phosphates based phosphors have pronounced compensating
attention in recent years because of their significant thermal,
structural assortment and a moderately short wavelength of optical
absorption power. In the midst of them, NazGMg(PO4)2 phosphor

was first designated by Fuchs et al. [6]. Subsequently Alkemper [7]

. Conespondin8 author.

E-msil oddrus: sjdhoble@rediftnail.com (SJ. Dhoble).

described that the structure of Na2CaMg(POa)2 was interconnected
to the cluster of cations and [POa] tetrahedral in the glaserite
structure as well, which has a monoclinic struchilre and a space
group of P21lc Later, Yorresaki and collaborators descriH the
strucNre and spectroscopic properties europium doped
Na2MMgP2Os (M: Ba, Sr, Ca) [8]. Lii et al. also reported the spec-
troscopic properties of europium doped blue-emifting Na2CaMg
(POa)2 phosphors [91. There is o'nly a solitary report that designates
the luminescent properties of Ce3+ activated Na2CaMg(POa)2,
phosphors [101. Normally, phosphors are prepared by the
outrnoded solid state reaction method. This method naturally
needs high temperature, time-consuming heating process and
consequent crushing for long time. The crushing procedure rec-
ompenses the phosphor planes, subsequently results in the loss of
ernission inttnsity. Consequently the combustion synthesis has
fascinated considerable attention since it is beneficial in attaining
the uniquelchemical configurations with o<clusive properties,
outstanding purity and moderately low reaction temperature,
ensuing in more homogeneous products, and it is also probable to
prepare phosphors in the smaller size [11 ].

To the best ofour knowledge, no attention has been paid to the
luminescent properties of Na2caMg(Pol)z:Eu3+,Dt'+,sm3+ and
very few reports are available on these particular phosphon.

In our work, Eu3+,Dli+,Sh3* doped Na2CaMg(Poq)z and

P rinc
Sevadal IVlahila ManavidYalaYa
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Photoluminescence and thermoluminescence characteristics of
caAl2si4o12:Dy3+new phosphor prepared by combustion synthesis
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ARTICLE INFO ABSTRACT

The present study reported synthesis of Dy!+activated CaAlzSi{Or2 phosphor via combustion techniques.
The formation of cryrstal structure and surface morphologt was ana\rsed by X-ny diffraction pattem and
scanning electron micmscopy. The photoluminescence spectrum r-eveals, the preparcd phosphor material
exhibits an excellent emission at 422 nm, with two peak around 479 nm (blue region) and 575 nm
(yellow region) monitot at excitation wavelength of near IJV 369 nm. ln acldition, CIE color chromaticity
confirms the emission locate at the blue light region, rwealed suitability of prepared phosphor in W
ecitable blue emission for white light emitting diode. The Thermoluminescence characterization of pre-
parcd phosphor irradiated with a s Co y- ray source at dose nte of 72 t(y/hr was further carried out
using a Nucleonix TL 10(Xtl TL reader. The tapping parameter such as activation energy (E) and frequency
factor (s) was calculated using llich's method

O 2020 Elsevier B.V. All rights reserved-
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The crucial need ofenerry saving and environmental protection
issue, facilitate the research on the development of white light-
emitting diodes (w-LEDs) for lighting due to their unique char-
acteristics includes, long life.span, high luminous efficiency, good
operational stability, energy saving, fast switching, color qualitlr as
well as environmental-friendly chancteristics which can expected
to replace conventional source of light for world-wide in near
future [1-51. Recently, the development of inorganic compounds,
especially the rare-earth-doped luminescent materials, has been
received morc attention owing to their potential applications in
the field of lamp industries, field emission display (FEDs), radia-
tion dosimetry, solid state laser and white light-emitting diodes
(WtEDs) [6-10]. In the recent year there is extensive investigation
of phosphors are already carried out includes aluminates Ill l, or-
thosilicates 1121, nitrides tiE,ral, oxides [15,161, sutphides irzj etc.
Normally, the initial composition of the host materials, dopant con_
centrations and processing conditions define the luminescent char_
acterization of rare earth doped activated materials [lgl. Among
the various reported host phosphors, the alumina-silicate have rel
ceived more attention owing to its numerous merit such as ex_

l. lntroduction

' Correspondence author.
E-mail address: sjdhoble@rediffmail.com (SJ. Dhoble).
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0022-2860/0 2020 Etsevier B.V. All righrs reserved.

cellent luminous efficiency, long life time, low cost and remark-
able physical and chemicd stabiliry [19,201. tnirially, firsr w-LED
was invented by combination of blue LED with yellow phosphor
(YAG:Cd+1 however poor cotor rendering index and trigh corre-
lated color temperature limit its further corunercialization [21 l.
Further approach adopted is ro combine I.JV IED with RGB (re4
green, blue) phosphor but it's lower luminescent efficiency ow-
ing to strong absorption of blrre light by red and gr€en compo.-
nent of phosphors which further hindered its utilization which
intensively drive the attention tqward the developraent of sin-
gle phase white light eminini'phosphor l22}3l. A single-host
white-emitting phosphor usually reveals broad or multiple emis-
sion peaks in the visible region and hence paid cnrcial inclina-
tion for development of novel broadband or multi-peak emining
W or n-W excitable w-l.ED with color stability 124,251. tn receni
decades, the rare earth doped activated phosphor gain prime posi-
tion in various filed such as lighting, photosynthesis enhancement,
and photodynsmic for cancer therapeutics [26-29].The trivalent
Dy3+ ions exhibits two intense peaki in blue and yeilow region at
about wavelellgth 479 nm corr.esponding to the {Fs/2--}6Hrs/z and
575 nm corresponding to the aFey2--+6Hpi2 tnnsition representing
its potenrial appticarion for whitf light i'mission t29,30i. The sili
cate host phosphor doped with Dt'+ ions shows wide application
for generation of white light by simply varying the ratio of blue
and yellow part of intensities 131,321. Moreovir it plays as very
important role in many long lasting phosphor such is AaAtrSirOi
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ARTICLE TNFO ABSTRACT

Sodium aluminosilicates NaAlSizO5 : Dy and Na6Al6sir0o32: Eu has been synthesized using Combustion

method. The formation of NasAlsSiroorz: Eu phosphor was confirmed by XRD; SEM and FTIR anatYsir

Thermoluminescence properties of NaAlSi2O5: Dy and NaeAleSiroou: Eu efter irndiating with 75 MeV

o6+ ion beam have been studied and are found to bc similar. Bodr the PhosPhors show single TL glow

peak that is desirable for good dosimeter. Further both NaAlSizOo: DY and NasAl5Sipol: Eu shows lin-

ear TL response for fluence nnge 1 x 1011 ions/cm2 to I x lor2 ions/cmr The trapping Parameters for

both the samples werc sildied using Chen's peak shape method, Inidal rise method and llich method

and found to have good agrGement with eadr other. So' Sodium atuminosilicates NaAlSirOs: Dy and

their applications in radiation dosimetry.

G 2020 Elsevier B.V. trll righs reservcd'
Na5Al5Si1sO32: Eu can be useful in this particular range for
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l. lntroducdon

$troxene minerat, Jadeite with composition NaAlSi2O6 is recog-

nized as the gemstone Jade. It is basically an omamental mineral,

known for its green varieties. It is a silicate of sodium and alu-

minium [1] It has excettent ptrysical properties of higher hardness'

good luster etc [2-41. Jadeite, as microcrystalline powder was syn-

ihesized for the first time in 1948 [5], then different techniques

r r such as high pressure method [6-81, ultra high pressure and high
\/' temperahrre polymerization method, ion injection method, high

pr.rture and high temperature (HPm) method [9-11] were used'

The attention was paid to explore HPHT method. Later, Jadeites

were prepared under 5 GPa prtssurc and properties were found

to be similar as naturat Jadeite [12]. Then pressure of 5 GPa- 5.5

GPa and temperature 1300 'C- 1500 'C [13] and Pressure of 3.5

GPa and temperature range 1000'C- 1400'C [l] was used to pre'
pare Jadeites to get improved properties. Further, theoretical sim-

ulation calculations raiere carried out successfully [14-19]. More-

over struchrral properties of Jadeite were studied using plane -
wave pseudopotential density functional theory method [81. Very

recently, our group has synthesized NaAlSi2O6,: Dy using combus-

tion method for the first time and their TL properties were studied

using y-ray exPosure [20].

Further, by changing the elemental composition Hexa Alumi-

nosilicate with chemical formula Na5Al6Si1eO3l was obtained [21]'

It has two different sizes of cavities to be used as nano- molecu-

lar sieving material and environmental catalyst. The material was

designed ind visualized using computerized programme' The sam-

ple ias then prepared blr conventional solid state reaction method

ior is applicationr A very little work has been reported for

Na5Al6si1sb32 phosphor and especially no work has been found for

thC TL properties of Orygen ion beam irradiated synthesized sam-

ples. Moreover in the current en of research radiation dosimetry

hear,y ion been is gaining lot of importance. So, in the light of liter-

ature survey. the present wofk is focused on thermoluminescence
properties of alumino silicates, NaAlSi2O5: Dy ang Na6Al5Si1sO32:

Lu lfter irradiating the samples with 75 Mev 06+ ion beam for

their applications in radiation dosimetry.

Z Erp€rimental

NaAlSi2p5: Dy was synthesized using Combustion method and

is rtported earlier by our group [201. Na6Al6Sil0O32:gu3+ phosphor

was also grepared using the starting materials NaNO3, Al (NO3)3'

SiOz, NH2-CO-NH2 in the stiochometric ratio 6:6:10. NH2-CO-NH2

acted as fuel for combustion and rare earth element Europium

oxide is used as doping agenl after dissolving in Nitric Acid' All

the materials were mixed and crushed together in a pestle mor-

tar to form homogeneous liquid mixture that was heated in muf-
fle furnace preheated at 550 "C The mixture produced flameless

combustion to form required phosphor in the powder form. The
' Corresponding author.

f,-moil oddress.' sidhoble@redifrnail.com (SJ. Dhoble).
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Synthesis and optical properties of innovative degradable
black pepper composite material
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Abshac0 Widely used as a medicinalplantin Ayuwedablackpepc is also a main conM of
spices. Easily available ofsuchkind ofheft is studied thc first time as a hrminescence pointof
view. In this paper, we have studied lu-i"escence charactedstbs ofblack pqper sampls and
check thetproperties forLED applicatbns uihich are synthesized in fourpart I ) hue pouder

of black pepper 2) Black Peppa Solution by ethanol3) Europium @u) doped bla& pqp€r
solution and 4) Illack Pepper thin film. The synthesized samples were charactcrizod by
Photolumhescence (PL) techniques. The PL charadqistics fot all four samples showd
interesting resufts. Pure black pepper powder showed PL emission at 471um under 42lm
excitatbn wavelengtb" Black pepper solutiou shows an emission band around 430nrn mdq
3 97nm excibtin. Europium dopod blackpepper solution shows two emission peaks at 5l6nm
and 658mr under 440nm excitation wavelengtr. Ttin-Iilm of purc black pepper shovs an
emission band aror:nd 454nm under 390nm excitation wavelengtb. The CIE Chromaticiy
Coordinates of the Black Pepper and other synthesized samples shows color co qdbats near
the bhre and white region in the visible speckum- Thess CIE chromatbity coordhatss
demonstatehig! spectral characteriationofdeveloped mabrials such as hig! colorpurly and
excellent chromaticity co-ordinates. The entirc photoluninesc€oce results indicated that
synthesizodsampleshavepromisingpotentialforLEDapplicatiore. -. .

Keywords.' Bla& Pepper; degndable;Photoluminesceace; LED

1. Introduction
In the last decadeg white light-emitting diodes (WLEDs) have attracted the special attention ofresea6
society, people, researchers and currently it has become the most promising lighting device $.
Incredibly, WLEDs will be used more widely in the coming generttim and will lead to a new phospttr
research program, because they have marvelous advantages sucl as high brightness, good reliability,
fast response, environmental friendlines, long operating lifetime, low eleckicity consumption, etc [l
21. In the current scenario, numerous researchers and scholars are working in the field ofluminesceu,
and they have paid mor€ attention towards t}te synthesis and characterization of luminescent materials
because it is widely used for various aiplication such as field ernission displays (FED) solid-state lasq
media, inftared to-visible up-convertsrs, Solid state lighting, Solar Cell fiber amplifiers, etc [3, 41.

In the present study, black pepper material were studied for study of luminscence propertieq
that study revealed pepper family is one of the best families that showing enormous potential in the field

ofluminesence, it is also known eae [51. Black pepper is easily available and
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Abstrrct The photoh.minesace analytical study ofCe$ dopodCarrAloZnco:: phosphors is

Jone in this researchwort. PowdetX-ray diffiaction tednique (XRD) alo ng with scanning
electron microscope ie. (SEM), CIE colour coordinates inctrding theh PL pmpe ies with
emissbn inteusity iffecttoowere amlyzedforthecharaderistics ofprcpaed phosphor,s' In
the instanceof Car+Al0zn60iif,fl,theemissionspectn demotr$ratss anexclusive 442 nm

centercd band conespontling to CiF 's 4f-5d traasitbu. The result specifies that the CeF

""ii""t"a Car+Nrdncor -phosphor couH find out applbations 15" liSIt

phosphorprodudion
Keyword: - Photohmrinescencg XRD, SEM, CIE,

I

l.Introduction
Synthetic alkaline rare earth aluminates enabled by Cd* ions are professional lnminescence

compounds, exhibiting a blue emission marked by excellent quanhm outPut under W excitfigl !t I .

They are commoaly uied in pDfs, field emission displays (FEDs), and fluoresce,nce lamps [2, 3]. The

solid-state reaction process usually produces alkaline earth aluminate phgryltotl Combustion

synthesis is a new mithod introduced-to the production of phosphor over the last fq" V-qt_1+1.

S-yntnais of the combustion involves an exothermic reaction among metal nitrates and a fuel. This

method creates the as. rynthesized state of strougly crystatline powders. Within this paper the

specimcn of the cd+ co-doped cakAlroZnrors were synthesized through al easy process of
combustion. Wp investigated thet emission and excitation qpectr4 and identified a blue,afterglow.

The effectiveness in luiinescence can be signifrcantly improved when phosphors are doped with
appropriate supplernentary activators t5l. Owing to Cd+'s strtng spectroscopic properties and its

aptihrde to integrate Cd* ion into a lot of unique host resoyces, Ce3+ enabled components have

created increasing interest in a vadety of applications. [6]. These all-prep ared materials incorporate

greater rehms, emission wavelength with adequate reactioo, rapid luminosity decreases in testing and

stable temperatures, rendering them desirable for use in high energy branch ofphysics study [4] as

well as in medicinal imaging applications [5]. On the basis of outstauding luminescetrce ploperties,

inorganic activated Cd+ materials are therefore used fgr ionizing radiation in displays, lighting

systems and certain other applications. [7]. Cer+ can be zustained in the oxidation state of a host

material. The luminescence inquiries studied and checked the stability and incorporati of Ce lons

into the sample. For the roason that ve property 3+ also the to

f
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Synthesis and photoluminescence properties of novel red-
emitting KMga(POr)s: Eu3+ phosphors for UV- excited
white-Iight emitting diodes

Chaitali M Meharer, Milind Jog2*, M D MeharC, N S Dhobte. and S J Dhobler
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Abstract rhe trivalentEulactiratsdKMgr(por) phosphor has been succesfully prepaedvh
solil state_diffusiou technitlue. Thephase foriration;nd;ructumlmo$nlogica(tirtie's canid
out by xRDpattsr and-SEM a nalysis. The phcotrminesence excitadon spe@ cented at 39s
trm- attDued to 'Fo---+ 'l* energ" transition bvels. pL emissbn speOra cemred at 593 nm and
613 nm conesponds_ to \-+7F,i J-l?) fiarsitions of Er$ in the host rcspectively. The
experimenblrcsults showsd tbat Eu3t siirgly doped KMg(P()a)5 phmphonmdeiw exciutbn
gives intense red emissions. The critica I Eu !. quea.si"g conceifrtti lqqlwas derermined to
be_1.0 mol% along with excellcnt CIE coqdinsbs of (0.6326, 0.367d). AII the sbovc r€s.rh
exhibits, the prepared pbmphor is promising matsriar as iJV excitable rei emittingphogbmfor
w-LED.
Keywordst Phosphor; Dovn conversion; Luminescence; Chrom*icity coordinabs; W_LEDs

€ 1. Introduction
In the recent year tivalent rare-earth (RE+) ions doped inorganic based phosphor received more
attention as luminescent materials owing to their wide application in the various field zuch as w-LE Ds,
medical applications, non-inversion thermometry, solar enogy conversion, temperature sensors, fi ell
emission displays and solid state lightirg (SSL), due to existence of emls$ons attributes to electonb
transitions in the 4f. configurations Il-3].In thc present era energy saung is the prime isue and hence
major inclination towards w-LEDs in diqplay technology owing to ic excellent perbrmance, low poilEr
consumption, durability, high compatibility, eoelgy savlng, as well as are of highly economical I4,q.rn
order to realize the excellent luminescent materials, it must exhibits some iuiportant characteristics sd
as prominent emission effrciency under n-UV/blue excitatioq good thermal and chemical stability as
well as narrow band emission with good absorption. In general two approach are adopted to achieve pc-
w-LEDs include (i) combination ofyellow emitting (YAG:Co3+) phoqphor with blue emitting (InCnI.I)
chip but owing to lack of red emission it shows high CCT and poor CRI which hinder its commerce
alization.(ii) This limitation can be overcome with the approach of combination ofRGB phosphor wih
n-UVorblue excitation chip to improve the optical propertied6l . Thepoor thermal stabilities and aging
rates of the different phoqphors also restrict their applications ln w-LEDs [7,8]. Moreover, variou
components of inorganic luminescent phosphor materials with borates [9], Aluminate[ l0],
vanadates [11], tungstates U2l, silicates [13] and been for generation of
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Recent progress in phosphate based luminescent materials: A
case study

Toshi S Dhapodkarr, Abhijeet R Ksdamr, Arati DuragkaP, N S Dhoble, and S J
Dhoblet
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AbshactThe uses ofphoopbac basedhrmincscent matchls arc presented in thb studyin diff€:xnt
fieHs of luminesceoce. There arc differnttypcs ofhmin€scotphosphon are avaihbb in thc fieE
of hrminescence guch as borabs, sulhates, fluorilcs, zuphiles, phospbaGs etc From all thc
phosphcs, phosduts-bosed phosphors shovs thetpotenti8l in stnost every field of luminesqrrce
in last fewyears and it becmesa key material in the trminescencc espccially inphotoh:minescstcg
thermohrminescoce and mechanoluminescence. Ttese rarr cafihl activatad phosphatebasd
Iuminescerce materials arc sydh€sizedwith diffenattechnhrn by means of wet chemfoal metlr(
combution technhrc, sol gel analysb and solid-sbb difftsion technique ctc. wtich are dessbed
in th€ prescnt a icle. Conseqr:endy,thb artbh chiefly dealingthe overviewof difftrcat plnqhaE
based hrminescatmatqials andmo&m dardopatandprogessim in the frH of luminesceoce.
Keywordr: phosdat€q luminescot materials; cbemfoal synthesis; dosimfi)i phobhrminescence

Above all the materialg phosphate plays a signifrcant role in environmental systems and utilize a wide
range of functions in consequence of their outstanding simplicity, low viscosity, high ultaviolet(UV)
transmission, high-quality mechanical, thermal constancy indor and simple

Content from this wott may bc uscd under thc terms of the Crcative 3-0
of this work must maintain attribution to tllc autho(s) aDd lhc title of

1. Introduction
l,r-tminescence phetromenon is essentially known for the emission of cold light from the different energr
sources which take places at the compatatively low temperah[esu]. Some energy gource tanserred b a
electon from ground to €xcit€d statq and then the enerry releases by the elecron in the form of light so it
can fall back to its ground state in luminescence phenomenon. Luminescent material is also called
'phosphors'. Phoqphors are consisting ofa host lattice and a luminescent center frequently knowr as an
"Activator". Thc activators absorb the exciting radiations and are elevated to an excited ga[e. The excited
state procc€ds fpr the ground state by release of radiation The activator does not absorb the excitation
radiation in several materials although the erstwhile ion might absorb the exciting radiation and then move
it to the activator. In such studies the absorbing ion is known to be a'sensitizer[2]. In various cases the host
lattice transmits the excitation energlr to the activator, thus the hog lattice ftrnction as a "sensitizet''. The
host laftice is comprises ofas a minimum one sort ofoxide csrtaitred from the srlphitle[3], aluminate[4fl,
alumino silicate[6], silicate[7], titanate[8], niobate[g], phosphate[10], uaop[osptate[ t i, norate[l l],
tungstate[ I 2] etc.
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Abstract In the present wort, a series of Baz-JnzFrixmol%Ef + (x {.1,0.5,0.7,1.0,1,
phosphors were synthesizedbycombustionmAhod. Tbc qpecto*opic p,roperties ofsynthesized
phosphmwere obrrvedbyphobl:rninescence andphoMetb characEriationtechnique The
obsearvod excibtion spects r€vealed two bards arormd 395nm and 466m that was athbuted
to the 7F0--+5L5, and 7Fo---5f)2;transitioE oftrivalenteuropium ions, respectively. Undq395nm
and 466nm excitation, the PL emissbn spect'a shows several emission bands aroudat580rrU
593nm and 6l3nm, which are asribed dueto 5Do--7F:,5D0---'7Fr, and ,D---+7F2 transitim of
Eu} bns, respectively. The emission band of 6l3m indicates the highe$ cmission inteniy
compaxcdto theofreremissionbands. The emissbnband revealed thehighest emissln inbn*y
at lmol% conoentratim of Eur* ions. Furth€r, a CIE chrmmicitydbgram was obhine4 whit
is confirmed that red emissior The entire investigtbn and theh outcomes rev€aled that the
synthesizedphosphors exhftrit stmngred emission, whichcanbe applied in the lighting indu$y
and display applic atiom.
IGywords: Combustion methoq Photohrmines€eoce; CIE Coordinate

1. Introduction
In the current scenario, rare earth activated tuminescent materialshave attract morb ittention due to thet
advantages and applict'oility in various fields such as solid-state lighting, diqplay deviceg solar cell
lLD badges, fingerprint detection, plant growth" temp€rature sensor, medical applications, efc U-41.
white LEDs are novel lighting technology in field of lighting applications. In the last few years,
phosphor converted-wlEDs has grown popularity and it is already used commercially in various
applications such as traffic lights, outdoor lighting, inside and outpjde lighting in airplane, vehicleq ad
tansports, etc [5-7]. Due to their popularity, wLEDs will be utilized more bmadly in the coning yeas
and will prompt the development of new novel materials for conlmercial lighting. WLEDs can reduce
energy dissipation in the field of lighting. Generally three ways are known for white light generatiur
based on LEDs (i) yellow-emitting phosphor excited by blue-emitting diode (ii) combination of Red,
Green and Blue (RGB) LED lights and (iii) By combination of RGB phosphor with near uV LEDs
l8,el . A combination of yellow emitting (YAG: cer+) phosphors with a blue emission (InGaI..I) chip is
used as commercial WLEDs, but this method faces some such as lack ofred emision, hig!
correlated color temperature (CCT), and poor color CRI which its

Contcnt ftom this work may bc usrd undcr thc tcrms of thc 3.0
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Abstract. In this study. we arE successfirlly syntbesizert tertium and samarirrn (It&/S:fl) dope<1IGCar(So-.)3cl phosphors by wet chemicat;;h"4il;;,i;.iiilo.pr,"," *"r" 
"han 

c rerizedby XRD' SEM, and photoGninescqrcc (pt ) t"cn [,r., iralt a"a'i"i'itr . photohimir"sc 
"occa.nalysis, we can see tbat under the Nearjuv ouu i-"ir"ori 

"E 
god rhe Tb+ activatsdsamDr€s

:*f9.",fy-:+green emissionpeak 
"t 
5*;"ihb;;;;ii:b?t, t " *i";;ffiffil';ryD ue me pL em Esx)n specta of404nm light excited IGCaz(SOlrCt SmFpbGphors ho *.ain.*emission lincs at 565om, 598m aod g1sr111u"trrt"ai" G;iil.-&:,m;;ie;;;i;;yi.i,l:Tgf_l{.ions,respeeively.rhccre"oo.ai*Li"L"iti"ij," u"(diel,ojr siiliKrCadSO,rlCtTb3'and(O.532,0.462) forlGCadSOl,Ct r.SmorTi.rilttt n ai,,tegrecnandorange regions,respectivelv' The entire photolum'inescence rcsurs 'inat"t.e-tn"t p"nllitliIGCaz(SOrlCldoped with i'br* andSm*oi"ytr-*ttoU.;;ir;;;; .".p*"nt of pc_white

LEDs and display devices.
Key word!. Wet chemi:lmethod;SEM; )RD;pc-wbite LEDs; hry phoophor.

l. Introductlon
In the last few yearg lanthanide ion doped phosphor materials have attracted a lot of attention of thesoclety, because in these years, rare earth activated phoqphors has proved its utility in vaiious 4plicationssuch as optical communications, X-ray magmg, cathode ray tubes, biological labelling, lasers, white tight-emitting devices (WLEDs), optoelectronic devices, vasuum fluoresceot display, etc [ 1-31 . Presently,phosphors converted light emifting diode (PC-LED) has brought an industrial revo lution in the field oflighting and has gained a lot ofpublic acclaim due to its high-quality Itis the latest technologyln the field of lighting, which has

properhec
a tremendous market share Currently PC-LEDs have proved hiscapabilities for replacing haditional light bulb because fC-LEDs has extraordinary featuresrncaodescent

such as compact stze, high luminous efficiency energy saving long operation life, environmentallyfriendly nature [:l--8] Recently, the phosphor converted LED-baled white liCht sources have gainedenolmous research interest due to their high applicability in indoor and outdoor lighting technology. Themost widely used white LEDs are composed of InGalrl-based blue-LED chip coupled with yAG:Ce3+
yellow phosphor[9]. However, this technique has also revealed some drawbacks such as the lack of a tedcomponent, low color rendering fudex (CRI), high conelated color temperatue (CCI). As a supplementarymethod, red, blug and green-unitting phosphors are excited by ulhaviolet (UV) or near-IJV (NIIV) LEDs.The light ob quality light with better color stability and color
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Abstracl In this wo*, we synthesized the Tb} and EuI doped c-BarY(BOj)s phcsphor using
the solution combrstioumaho<L Using the powder XRD pattem a rd ffn bw-turperitue pbase
of o,-BarYr-x(BOr): xTb!*& Eu$ rvas coafirmed Elemeot composition with percenut Es
verified by FE-SEM-EDS. Stokds shift vabes wer€ calcfibd which confurns thc high beoral
stability of the phosphor& its use in high power WLED. Photoh.rnirescqrce study at room
tempeBhne wrs doDe. Intriusic absorption due to the 4f4f transitbu of Ef. results tltense rcd
emission frm c-BarYr-x(BO:): xEu'- mak6 it suitable for pc-WLED cd cotrfrEs thc Ccnto-
inveniotr synmdry site of Eu3+ in the host. Green emission at NW exctatlm from BarYr-
x(BOr): xTb'* resuhs &m cmss{elaxationofTb3* h a h6t The coDcedElionquerr.hitrgEasm
for both a ctivatqs was iavestigated by cabulEtiog and comparing critica I distaaie The purity of
hrminescence color was confmcd by pbttitrg ClE{hrooaticity co-ordinatss or CiE4ohr
gamut The eltilr wor* confiIms the imtEdam of syntbesized phorylror along with prwinrdy
ispoied saEchostEatoi.rls. Thc repaedphosphormaybe sutable fcNUV c;nverr;dWLq
wavelength coweniou dcvbtx, and high powerRGB -WLED.
Keyworab: Solutionc@bustiorl, Bomte Phosphon,Tcrbiu4 Eurofum, Photo-tumircscence.

()

l. rntroduction:Inorganic phoqphors based WLED are widely used because of properties like energr
e{ficiency, lifetime, stability, cost-effective, design and ecofriendl)rnature. Inorganic luminescnl
materials have considerable importance in fluorescent larnps, solid-state lighting, phosphorescent pefutq
in road marking pain$ high power LED etc. Wavelength conversion and mloi miiing are the most
commonly used technology to produce white light I I -6]. So, the dwelopment of eflicient phosphors fm
the wide possible applications is the favorite research area ofmaterial science. Abundant inercv levels
and tbe large number of possible trmsitionsin the visibler'uv light regionmakes the i"r" oii. rort
common dopants in synthesis ofborate phosphors[{. Among Rare earth ion, Tbi* is one of the most
proryectivc green-emitting activators due to its 4f-4f tsa$itions and Eur+ is the promising red-emitting
activator dopant [8].

The borate compound with formula Mrt n (BOr)r (M = Ba, Sr, and t n = Ia-Lu, y, Sc) were reported as
promising phosphors for W-LED applications. The Ba3y(BO3) crystal exists in two structues;i.e., low-
temperatue phase o-BarY(BO:)r with space group p63cm and high-temperahre phase p-Bary(BO:):
with space group R3. The photoluminescence propirties under dopiSg are different ior uoit ptrasei. rne
structure ofa-BalY(BOl)l is consist of 3-F-C borm atoms, 6-F{ ytiriumatoms, 9& 6-F-C barium aEtrs
[9]. Irish valerie et.al synthesized the Ba3Y(Bo:)l: Eu3*, Bi3* phosphor via a solid-state reaction and
studied it as a phosphor for w-LEDs using N-lrv LED chips [10]. Xiulan wu.erat described Basy(Bo]:
smr* as orange-+ed phosphor for wLEDs[ll]. Jingjie yu et.al investigated luminescent and the
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1. lntroduction

Rare earth doped sulfate materia!s have been widely investigated because of the varied
optica! energy level structures of the rare earth etements which result in light emission from
ultraviolet to far-infi'ared regions (r-r.Until now, several complex oxides, for instance sil-
icates (6), aluminates (7) and borates (8), which have strong absorption in the VUV range,
have been deliberated. Stoichiometric rare earth sulfates have gained a speciat attention
because of their interesting physical properties, such as optical properties (g, t 0).lmitation
alkaline earth fluoride-sulfates doped by divalent europium and trivalent dysprosium are
efficient photo luminescent materials. The europium activated phosphor ii used as blue
component in three band fluorescent lamps,light-emitting diodes (LED) (t l-.,3)and dys-
prosium doped phosphors are used as tricolor component in fluorescent lamps and white
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1 I TNTRODUCTTON

ln the present era, the trend of growing plants through horticulture
has revolutionized owing tb its benefits over the traditional agricul-

tural methods. The horticulture includes the growing of plants,

flowers, and other vegetables under specific weather conditions
(e.g., light, air, water, temperature).t1-ol lt also overcomes the prob-

lems encountered due to natural calamities such as flood, drought,
typhoons, hale, and haze. Arnong the various factors for plant growth,
light has a pivotal role. We all know that the natural source of light for
plants is sunlighgts-zl Sunllght has a wide spectrum of radiations rang-
ing from visible light to infrared (lR) necessary for plant growth. There
are mainly four pigments in the plants, namely, chlorophyll a and b
absorb in the blue region, phytochrome pp absorbs in the red
(R) region, and phytochrome ppx absorbs in the far-red

:r,g[Jf

LUMINESCENCE Wr rEyIh.roorul ol Blologlrd rtd 6hkd lunlil(Ga

The blue, red, and FR lighE help in plant growth via different mecha-

nisms such as phototropig photosynthesis, and photomorphogenesis

processes.[8-1sl h addition to this, there is shade avoidarrce syndrome

in plants, exhibited by variation in the concentration of phytochrome

Px and Ppslsl ,il-he ccncentration of these two phytochrornes is

affected by the variation in the intensity of the R to FR ratio. lt is

reported that fie intensity ratio of R and FR in dayllght is 1.15 and

varies with climatic conditions. ln the dark, phytochrome (pfl is syn-
thesized by absorbing red light around 660 nm. px is generally consid_
ered biologically inactive, while ppp is biologically activg and activity
is acquired upon absorbing in the FR region around 73O nm The phy_

tochromes will translate the rerative amounts of R and FR right in inci-
dent radiation into different relative concentrations of the active ppp

form of phytochrome. The shade avoidance response is found in the

in the Ppp

ahav
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